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Virus diseases cause economically significant losses to groundnut crops. The
Fourth Meeting of the International Working Group on Groundnut Viruses in the
Asia-Pacific Region was organized by ICRISAT in cooperation with Khon Kaen
University, Thailand, Peanut Collaborative Research Support Program (Peanut
CRSP), USA, the Samuel Roberts Noble Foundation, USA, Belgian Administration
for Development Cooperation, Australian Centre for International Agricultural
Research, Directorate General for International Cooperation of the Ministry of
Foreign Affairs, T h e Netherlands, and the Overseas Development Administration,
UK. The Meeting was held to develop strategies for the management of groundnut
virus diseases in Asia. This publication contains summaries of the papers presented
at the Meeting. T h e first two sessions deal with genome organization of
economically important groundnut viruses, and strategies for producing transgenic
groundnuts with resistance to virus diseases. The third and fourth sessions cover
country-specific situations for the management of groundnut viruses in
Bangladesh, China, India, Indonesia, Myanmar, Nepal, Pakistan, and Vietnam.
Specific recommendations for collaborative research on groundnut viruses in the
Asia-Pacific Region are listed.
T h e opinions in this publication are those of the authors and not necessarily those
of ICRISAT. T h e designations employed and the presentation of the material in this
publication do not imply the expression of any opinion whatsoever on the part of
ICRISAT concerning the legal status of any country, territory, city, or area, or of its
authorities, or concerning the delimitation of its frontiers or boundaries. Where
trade names are used this does not constitute endorsement of or discrimination
against any product by the Institute.
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Welcome Address
C Renard1
On beha l f o f I C R I S A T Asia C e n t e r , i t gives me grea t p l easu re t o w e l c o m e all p a r -
t i c ipan t s t o t he F o u r t h In t e rna t iona l W o r k i n g G r o u p M e e t i n g o n G r o u n d n u t Vi rus
Di sea se s i n Asia-Pacific Reg ion . W e are grateful t o K h o n K a e n Univers i ty for
agree ing to h o s t this M e e t i n g , a n d for t he he lp they have r e n d e r e d w i t h va r ious
a r r a n g e m e n t s . I am very p leased t h a t a n u m b e r of scientis ts f rom t h e n a t i o n a l agri-
cu l tu ra l r esea rch sys tems of t he i m p o r t a n t g r o u n d n u t - g r o w i n g coun t r i e s in Asia a re
r e p r e s e n t e d a t th is M e e t i n g , a n d I w e l c o m e t h e m . I am also especial ly p l e a s e d t h a t
m a n y r e p u t e d p l a n t virologists f rom m e n t o r ins t i tu t ions have b e e n ab le t o a t t e n d ;
Vi rus d iseases a re cons ide red t o b e economica l ly i m p o r t a n t t o g r o u n d n u t p r o -
d u c t i o n in Asia . I am conf iden t , t h a t by t h e e n d o f th is M e e t i n g t h e G r o u p s h o u l d
be in a pos i t ion to assist in deve lop ing strategies for t h e con t ro l of t hese d iseases . I 
w o u l d like to e x t e n d my bes t wishes for t h e success o f t h e M e e t i n g .
1. Executive Director, ICRISAT Asia Center, Patancheru 502 324, Andhra Pradesh, India.
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Introduction and Objectives
D V R Reddy1
T h e f i r s t i n t e rna t iona l w o r k i n g g r o u p o n g r o u n d n u t viruses was f o r m e d i n 1 9 8 3 t o
c o o r d i n a t e co l labora t ive r e sea rch a n d t echno logy-exchange activit ies. T h e first
m e e t i n g o f t h e in t e rna t iona l w o r k i n g g r o u p to invest igate vi rus d isease p r o b l e m s in
t h e Asia-Pacif ic r eg ion was h e l d i n 1987 i n M a l a n g , I ndones i a . T h e g r o u p m e t
aga in i n 1989 a t I C R I S A T Asia C e n t e r , I nd i a , a n d i n 1993 i n D u n d e e , S c o t l a n d .
T h i s g r o u p activity r e su l t ed in:
• T h e cha rac te r i za t ion of t h e p e a n u t s t r ipe v i rus (PS tV) a n d its isolates;
• Surveys for g r o u n d n u t viruses in C h i n a , I nd i a , I n d o n e s i a , Ph i l ipp ines , a n d
T h a i l a n d ;
• S c r e e n i n g of over 10 0 0 0 cul t iva ted g r o u n d n u t geno types for P S t V res i s tance ;
• T h e d iscovery t h a t P S t V c a n cause significant c rop losses in g r o u n d n u t ; a n d
• T h e o rgan iza t ion o f t r a in ing courses in C h i n a , Ind ia , I n d o n e s i a , a n d T h a i l a n d .
T h e m a j o r object ives o f this m e e t i n g are to :
• D i s c u s s t h e p rogress m a d e in t h e d iagnos is a n d m a n a g e m e n t o f economica l ly
i m p o r t a n t g r o u n d n u t v i ruses , w h i c h inc lude p e a n u t b u d necros is v i rus
( P B N V ) , p e a n u t c l u m p virus ( P C V ) , p e a n u t s t r ipe virus (PS tV) , a n d p e a n u t
m o t t l e v i rus ( P M V ) .
• D i s c u s s h o w t h e d iagnos t i c tools cu r ren t ly available can be accessed by
scient is ts i n t he N a t i o n a l Agr icu l tura l Resea rch Sys t ems ( N A R S ) .
• S t r e n g t h e n r e sea rch facilities in N A R S , especially for virus ident i f icat ion.
• D i s c u s s p ro toco l s to be fol lowed for e l imina t ing s e e d b o r n e viruses in
g e r m p l a s m a n d to facilitate exchange o f virus-free seed mate r ia l .
• Assis t in o b t a i n i n g r e sea rch g ran t s for scient is ts in N A R S .
• G e t a c q u a i n t e d wi th t h e ecoreg iona l init iatives a n d t h e role o f t h e g r o u p
m e m b e r s .
• K n o w t h e c u r r e n t p rogres s on t he d e v e l o p m e n t of sensitive d iagnos t i c tools for
d iseases a n d t h e d e v e l o p m e n t o f virus res i s tance by n o n c o n v e n t i o n a l
a p p r o a c h e s .
• F o r m u l a t e r e c o m m e n d a t i o n s a n d w o r k p l ans w h i c h will p rov ide a s o u n d basis
for c o n t i n u e d in t e rna t iona l coopera t ive research on economica l ly i m p o r t a n t
g r o u n d n u t v i rus d iseases in t h e Asia-Pacific region .
1. Crop Protection Division, ICRISAT Asia Center, Patancheru 502 324, Andhra Pradesh, India.
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Role of CLAN in the Functioning of
International Working Groups
C L L Gowda 1 , A Ramakrishna1 , D V R Reddy2, and C Renard3
T h e Cerea l s a n d L e g u m e s Asia N e t w o r k ( C L A N ) was fo rmed in 1992 to serve as a 
r e sea rch a n d t echno logy exchange n e t w o r k for Asia involving I C R I S A T ' s m a n d a t e
c rops ( s o r g h u m , pear l mil let , f ingermillet , ch ickpea , p i g e o n p e a , a n d g r o u n d n u t ) . I t
was f o r m e d b y m e r g i n g the ers twhile As ian G r a i n L e g u m e s N e t w o r k ( A G L N ) a n d
t h e C o o p e r a t i v e Cerea l s Resea rch N e t w o r k ( C C R N ) . C L A N consis ts ma in ly o f
scientis ts a n d admin i s t r a to r s from na t iona l research p r o g r a m s in Asian coun t r i e s ,
w h o are willing to c o m m i t resources to u n d e r t a k e col laborat ive resea rch , par t ic i -
p a t e in n e t w o r k activities, a n d share t he resul ts o f t echnology . C L A N ' s u l t ima te
goal i s to i m p r o v e the wel l -be ing of farmers by improv ing the p r o d u c t i o n a n d p r o -
duct ivi ty of c rops in a sus ta inable m a n n e r ( G o w d a 1993) .
Agr icu l tura l r esea rch in deve lop ing coun t r i e s is facing an acu te pauc i ty of funds ,
a n d resea rch admin i s t r a to r s a n d scientists are be ing asked to cu t costs a n d m a x i -
mize t h e cost effectiveness o f research a n d technology exchange . L a b o r a t o r i e s a n d /
or ins t i tu t ions are u n a b l e to take up c o m p r e h e n s i v e s tudies d u e to the scarci ty o f
funds , facilities, a n d exper t ise . T h e r e f o r e , i t i s n o t surpr is ing tha t scient is ts are
jo in ing h a n d s to share research agendas .
T h e c o n c e p t o f a W o r k i n g G r o u p ( W G ) i s n o t new; scientists a r o u n d the wor ld
have long b e e n poo l ing thei r resources a n d shar ing the resul ts o f the i r s tud ies ,
e i ther formally or informally. F o r ins tance , in Ind ia , the C o o r d i n a t e d R e s e a r c h
P r o g r a m s b r o u g h t t oge the r scientists from different research o rgan iza t ions to re-
view the research d o n e , p l an future research , a n d share the p l a n n e d research activi-
t ies. M a n y o t h e r coun t r i e s have similar col laborat ive ven tu re s . In the in t e rna t iona l
a r ena , col laborat ive research ne tworks such as C L A N e n c o u r a g e a n d s u p p o r t a few
in te rna t iona l work ing g roups in a m o r e formal m a n n e r . W o r k i n g G r o u p s are a 
m e a n s of u s ing funds , facilities, a n d staff m o r e efficiently a n d effectively (Far is e t al.
1992) .
W o r k i n g G r o u p s are def ined as a g r o u p of c o m m i t t e d scientists wi th a c o m m o n
interes t in add res s ing h igh-pr ior i ty regional p r o b l e m s . M e m b e r s of a WG are ex-
p e c t e d to c o m m i t t ime a n d resources to work toge ther , share research responsibi l i -
t ies , a n d exchange resul ts . W o r k i n g G r o u p s b r ing toge the r exper t ise from devel-
o p e d a n d deve lop ing coun t r i e s , in te rna t iona l research cen te r s , a n d
n o n g o v e r n m e n t a l o rgan iza t ions , to form the critical mass n e e d e d to achieve t he
object ives .
T h e m e m b e r s h i p o f a WG m a y inc lude scientists f rom na t iona l p r o g r a m s , in te r -
na t iona l a n d regional ins t i tu t ions , a n d a d v a n c e d research labora tor ies . E a c h W G
1. Cereals and Legumes Asia Network
2. Crop Protection Division, ICRISAT Asia Center, Patancheru 502 324, Andhra Pradesh, India.
3. Executive Director, ICRISAT Asia Center, Patancheru 502 324, Andhra Pradesh, India.
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n o m i n a t e s a T e c h n i c a l C o o r d i -
n a t o r ( T C ) t o liaise, coo rd i -
n a t e , a n d h a r m o n i z e research .
T h e T C i s usual ly a n active sci-
ent is t i n t h e subjec t a n d can be
f rom any o n e o f t h e ins t i tu t ions
m e n t i o n e d above . F i g u r e 1 
shows an e x a m p l e o f t h e s t ruc -
t u r e o f a W o r k i n g G r o u p . T h e
TC i s usual ly s u p p o r t e d by a 
n e t w o r k o r ins t i tu t ion t h a t p r o -
vides t h e necessa ry admin i s t r a -
tive a n d logist ic s u p p o r t .
Working Group on Asia*
Pacific Groundnut Viruses
T h e W o r k i n g G r o u p o n Asia-
Pacific G r o u n d n u t Viruses i s
s u p p o r t e d b y C L A N . P e a n u t
s t r ipe v i rus (PS tV) e n t e r e d t he
U S A t h r o u g h seed i m p o r t e d
from C h i n a , a n d in a s p a n of 4 
yea r s , i t w a s f o u n d in all t he
ma jo r g r o u n d n u t - g r o w i n g ar-
eas . I t was a p p a r e n t t h a t t h e vi -
r u s , earl ier de sc r ibed as p e a n u t
mot t l e virus ( P M V ) f rom Ch ina ,
International Agricultural
Research Centers NARS
Other related
networks
Autonomous institutes
Universities
Potential for global contribution
Ability to conduct independent research
Collaborating component
Figure 1. Structure of a Working Group 
Indones ia , Malaysia , Phi l ippines , a n d Tha i l and , was indeed PS tV. T h e impor t ance o f
P S t V in these count r ies was ascer ta ined following extensive surveys a n d c rop loss
es t imates . Cons ide r ing the n e e d expressed by the m e m b e r s of the ne twork to address
the p r o b l e m , A G L N played a major role in establishing a Work ing G r o u p for PStV.
T h e first m e e t i n g o f t h e g r o u p was he ld i n J u n e 1987 a t M a l a n g , I n d o n e s i a , a n d
w a s c o s p o n s o r e d b y A G L N , t h e I n d o n e s i a n na t iona l p r o g r a m , Aus t ra l i an C e n t r e
for I n t e r n a t i o n a l Agr icu l tura l Resea rch ( A C I A R ) , In t e rna t iona l D e v e l o p m e n t Re-
sea rch C e n t e r ( I D R C ) , a n d F o o d a n d Agr icu l tu re Organ iza t ion o f t he U n i t e d N a -
t ions ( F A O ) . T h i s m e e t i n g , w h i c h b r o u g h t t oge the r scientis ts w o r k i n g o n P S t V i n
Asia a n d U S A , rev iewed the available in fo rmat ion on t h e d isease , ident i f ied fu ture
n e e d s , a n d p r e p a r e d a p l a n to c o n d u c t jo int r e sea rch to tackle t h e v i rus . N a m i n g o f
t h e v i rus , w h i c h was earl ier referred to as P e M o V , was clarified as P S t V . A subse -
q u e n t p u b l i c a t i o n ( D e m s k i e t al. 1993) p r o v i d e d detai ls on vi rus ident i f icat ion a n d
r e q u i r e m e n t s for fu ture resea rch . T h e g r o u p r e c o m m e n d e d t h a t fu ture r e sea rch o n
P S t V s h o u l d b e c o o r d i n a t e d , a n d A G L N was r e q u e s t e d t o p rov ide t h e necessa ry
logistics a n d c o o r d i n a t i o n ( I C R I S A T 1988) .
S u b s e q u e n t l y , t h e A G L N ( a n d la ter C L A N ) c o o r d i n a t i o n u n i t p r o v i d e d t h e s u p -
p o r t for r e sea rch a n d facili tated t h e d i s semina t ion o f i n fo rma t ion a n d exchange o f
t e c h n o l o g y i n t he W G .
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D u r i n g t h e s e c o n d m e e t i n g on P S t V he ld i n A u g u s t 1 9 8 9 , i t was ag reed t o e x t e n d
t h e W o r k i n g G r o u p ' s activities t o o t h e r economica l ly i m p o r t a n t g r o u n d n u t v i ruses
i n t h e Asia-Pacif ic reg ion , a n d t h e g r o u p was r e n a m e d a s " W o r k i n g G r o u p o n
G r o u n d n u t Viruses for t he Asia-Pacific Reg ion" . T h e n e t w o r k p rov ides f i n a n c i a l
s u p p o r t for organiz ing W G mee t ings , facili tating con tac t s a m o n g n e t w o r k m e m -
b e r s , a n d liaising wi th o the r organiza t ions ( such a s A C I A R , I D R C , F A O , a n d P e a -
n u t C R S P ) t o carry o u t jo int research , p rov ide seed m o n e y o r s u p p o r t fund ing t o
i n - c o u n t r y o r t h i r d - c o u n t r y research activities, t ra in ing courses in de t ec t i ng a n d
d iagnos ing virus diseases (in 1987 , 1990 , 1 9 9 3 , a n d 1995) , pub l i ca t ion o f p r o c e e d -
ings ( I C R I S A T 1 9 8 8 ; I C R I S A T 1989 ; R e d d y e t al. 1994) a n d in fo rmat ion bul le-
t ins ( D e m s k i e t al. 1993) .
A n o t h e r WG for g r o u n d n u t viruses in Africa ha s b e e n ope ra t i ng in t h e African
reg ion , a n d i s b a s e d o n similar pr inc ip les . T h e r e b e i n g c o m m o n m e m b e r s i n b o t h
t h e Asia a n d Africa W G s , i t ha s h e l p e d s t r eng then b o n d s b e t w e e n t h e m . B o t h t he
W G s served as a m o d e l for o the r scientists to e m u l a t e t he m e t h o d o l o g i e s a n d p r o -
c e d u r e s deve loped .
T h e success o f these two W G s has led to t he fo rmat ion o f a th i rd w o r k i n g g r o u p
on " T r a n s f o r m a t i o n a n d Regene ra t ion o f G r o u n d n u t a n d Ut i l iza t ion o f Viral
G e n e s t o I n d u c e Res i s tance t o Vi rus D i seases" . T h e A C I A R - I n d o n e s i a co l labora-
tive projec t on t r ans fo rma t ion o f g r o u n d n u t wi th the coa t p ro t e in gene o f P S t V to
i n d u c e res i s tance to t he virus i s l inked to this W G .
A m e e t i n g o f t he th ree W G s was he ld in A u g u s t 1 9 9 3 , a t D u n d e e , U K . I ts p a r -
t i c ipan ts r e c o m m e n d e d c o n t i n u e d co l labora t ion b e t w e e n t h e m e m b e r s o f t h e t h r ee
W G s in o r d e r t o der ive m u t u a l benefi ts a n d scientific a d v a n c e m e n t l ead ing t o
con t ro l s t rategies to m a n a g e the viral d iseases ( R e d d y e t al. 1994) .
T h e s e examples i l lustrate h o w C L A N (earlier A G L N ) was able t o p rov ide a c o m -
m o n fo rum for fo rmula t ing joint research p lans , p rov id ing add i t iona l funds for re-
sea rch , a n d facilitating t he exchange o f in format ion a n d research resu l t s . T h e
W o r k i n g G r o u p o n g r o u n d n u t viruses ( and its p redecesso r P S t V W G ) have p io -
n e e r e d t h e W G concep t . T h i s W G has b e e n a m o d e l for several o t h e r W G s wi th in
C L A N a n d ou t s ide i n t h e agr icul tura l research wor ld . T h e scientis ts involved i n
this W G cou ld , therefore , b e p r o u d o f the i r ach ievemen t s a n d t h e o u t c o m e o f the i r
efforts.
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Groundnut Transformation Research in
Griffin, Georgia
Zhijian Li1, M ing Cheng1 , Aiqiu Xing1 , R L Jarret2, R Pit tman 2 , and
J W Demski1
O v e r t h e pa s t 3 years , o u r research efforts have focussed on t h e d e v e l o p m e n t of a 
sys tem for g r o u n d n u t r egenera t ion a n d t r ans fo rmat ion . I n this r e p o r t w e s u m m a -
rize o u r resul ts on t h e successful r egenera t ion o f g r o u n d n u t p l an t s f rom iso la ted
p ro top l a s t s ; t r ans fo rma t ion o f g r o u n d n u t p ro top las t s u s ing e l ec t ropora t ion ; a n d
p r o d u c t i o n of fertile t r ansgen ic g r o u n d n u t p l an t s us ing an Agrobacterium-mediated
t r ans fo rma t ion sys tem.
Prev ious s tud ies on p ro top l a s t r egenera t ion us ing Arachis paraguariensis (Li et al.
1993) have p r o v i d e d i m p o r t a n t insights in to t he pr inc ipal factors affecting t h e re-
gene ra t i on of p ro top las t s of Arachis s p p , a n d facili tated t h e ex tens ion of th is t e c h -
no logy to cul t iva ted g r o u n d n u t . H i g h levels o f p ro top la s t co lony fo rma t ion ( u p to
19%) we re r ep roduc ib ly o b t a i n e d from p ro top la s t s i sola ted f rom i m m a t u r e cotyle-
d o n s of a variety of A m e r i c a n g r o u n d n u t cult ivars a n d b r e e d i n g l ines u s ing a n u r s e
cu l tu re a p p r o a c h . O u r initial efforts to def ine a shoo t i n d u c t i o n m e d i u m for
p ro top la s t -de r ived callus colonies resu l ted in a low frequency ( a b o u t 2%) of recov-
ery of p lan t le t s f rom several US cul t ivars . P ro top la s t -de r ived p l a n t s , g r o w n to ma-
tur i ty in t h e g r e e n h o u s e , we re fertile a n d p r o d u c e d viable seeds . De ta i l s o f t h e
p ro toco l s for p ro top l a s t i sola t ion, cu l tu re , a n d r egene ra t ion have b e e n c o m p i l e d (Li
et al. 1996) .
R e c e n t modi f ica t ions t o o u r p ro top la s t r egenera t ion p ro toco l , i nc lud ing t h e u s e
of t h i d i a z u r o n to e n h a n c e r egene ra t ion , have resu l ted in a d r a m a t i c inc rease in
p l a n t r egene ra t ion f r e q u e n c i e s . F r e q u e n c i e s o f 7 4 . 3 % a n d 8 1 . 2 % o f p r o t o p l a s t
co lon ies we re n o t e d in cvs EC 5 a n d F l o r u n n e r , respectively. T h e s e different ia ted
a n d s u b s e q u e n t l y gave rise t o shoo t s wi th in t h r e e m o n t h s ( u n p u b l i s h e d d a t a ) .
Protoplast-mediated transformation in groundnut using
electroporation
E l e c t r o p o r a t i o n h a s b e e n u s e d t o t r ans fo rm g r o u n d n u t p ro top la s t s b e c a u s e th is
t e c h n i q u e causes less physical d a m a g e to t h e p ro top la s t s , a s c o m p a r e d to
po lye thy lene g lyco l -media ted a p p r o a c h e s (Li e t al. in p ress ) . In o r d e r to identify
m o r e effective cond i t i ons for successful t r ans fo rma t ion of g r o u n d n u t p ro top l a s t s
u s i n g e l ec t ropora t ion , a p o r a t i o n m e d i u m c o n t a in ing glycine, or its der ivat ive
glycylglycine (glygly), as an e l ec t ropora t ion buffer r eagen t , was tes ted . Resu l t s i nd i -
c a t e d t h a t t h e u s e o f a g lyc ine-based p o r a t i o n m e d i u m i m p r o v e d p r o t o p l a s t viabili ty
a n d re su l t ed i n an 8-430-fold increase i n t rans ien t g lucu ron idase ( G U S ) expres -
s ion , w h e n c o m p a r e d to o t h e r c o m m o n l y - e m p l o y e d p o r a t i o n m e d i a (Li e t al . i n
1. Department of Plant Pathology, Georgia Experiment Station, Griffin, GA 30223, USA.
2. Southern Regional Plant Introduction Station, US Department of Agriculture, Griffin, GA 30223,
USA.
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pres s ) . Efficient t r ans fo rma t ion of g r o u n d n u t p ro top la s t s was ach ieved u s i n g a 
p o r a t i o n m e d i u m c o n t a i n i n g 5 0 m M glycine o r 1 0 m M glygly, 7 0 m M p o t a s s i u m
g l u t a m a t e , a n d 0 .4 M m a n n i t o l a t pH 7 . 3 .
T o d a t e , a large n u m b e r o f t r a n s f o r m e d g r o u n d n u t p ro top la s t -de r ived cal lus
co lon ies h a v e b e e n recovered . D N A analysis b y S o u t h e r n hybr id iza t ion o f cal lus
co lon ies de r ived f r o m p ro top l a s t s t r ans fo rmed wi th t he p l a smid p B I 4 2 6 c o n t a i n i n g
t h e fusion g e n e for G U S a n d n e o m y c i n phospho- t r ans fe r a se I I (nptII) con f i rmed
t h e in t eg ra t ion o f t h e t ransfe r red genes in to t h e g r o u n d n u t g e n o m e . In o u r efforts
t o p r o d u c e t r ansgen ic g r o u n d n u t p l an t s wi th res is tance t o p e a n u t s t r ipe v i rus
( P S t V ) , p l a s m i d s c o n t a i n i n g t h e P S t V coa t p r o t e i n g e n e have b e e n i n t r o d u c e d in to
g r o u n d n u t p r o t o p l a s t s . H i g h levels o f express ion o f vi rus coa t p r o t e i n genes have
b e e n c o n f i r m e d b y E L I S A i n t r a n s f o r m e d g r o u n d n u t p ro top la s t -de r ived cal lus
co lon ies . T r a n s g e n i c g r o u n d n u t p l an t s are be ing r egene ra t ed f r o m t r a n s f o r m e d
p r o t o p l a s t s . G r e e n h o u s e s tud ies will be c o n d u c t e d to d e t e r m i n e t h e fecundi ty o f
these t r ansgen ic g r o u n d n u t p l an t s .
Agrobacterium-mediated t ransformation of groundnut
B a s e d on a previous ly def ined p ro toco l for in vitro p l a n t r egene ra t i on f rom seed l ing
exp lan t s o f g r o u n d n u t cul t ivar N e w M e x i c o Valencia A, a p r o c e d u r e for efficient
t r ans fo rma t ion by Agrobacterium tumefaciens s t ra in E H A 105 inc i ted wi th t o b a c c o
ex t rac t s h a s b e e n deve loped . A large n u m b e r o f t r ansgen ic g r o u n d n u t p l an t s c o n -
t a in ing t h e G U S a n d nptII genes were p r o d u c e d . Recove red t r ansgen ic g r o u n d n u t
p l a n t s g r o w n t o m a t u r i t y were fertile a n d p r o d u c e d viable seeds . D N A analysis b y
S o u t h e r n hybr id iza t ion i nd i ca t ed t h a t t h e t ransfer red genes we re in t eg ra t ed in to t h e
n u c l e a r g e n o m e o f p r i m a r y - a n d s e c o n d - g e n e r a t i o n t r ansgen ic g r o u n d n u t p l an t s .
H i s t o c h e m i c a l analysis o f G U S express ion d e m o n s t r a t e d t h a t t h e G U S g e n e i n
m o s t o f t h e t r ansgen ic g r o u n d n u t p l an t s was t r a n s m i t t e d to the p r o g e n y in a single
locus in a M e n d e l i a n p a t t e r n . T h e d e v e l o p m e n t o f this successful g r o u n d n u t t r a n s -
f o r m a t i o n p r o t o c o l u s i n g Agrobacterium r e d u c e d t h e d u r a t i o n of in vitro cu l tu re a n d
e n a b l e d us to o b t a i n t r ansgen ic g r o u n d n u t p l an t s in a relatively shor t t i m e . C u r r e n t
efforts a re b e i n g focussed on ut i l izing this sys tem of t r ans fo rma t ion of g r o u n d n u t
u s i n g va r ious v i rus coa t p r o t e i n genes .
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The Genome Organization of Indian Peanut
Clump Virus: the Potential for Improved
Diagnostics and Transgenic Resistance
M A Mayo 1 , J S Miller1, R A Naidu2 , S V Wesley2, and D V R Reddy2
I n d i a n p e a n u t c l u m p virus ( I P C V ) causes an economica l ly significant d i sease in
g r o u n d n u t in several p a n s of Ind ia . T h e virus i s t r a n s m i t t e d by a soil fungus
Polymyxa graminis, w h i c h c a n r e m a i n in t he soil for m a n y years . D iagnos i s of t h e
virus i s c o m p l i c a t e d by the p re sence of a t least t h ree I P C V sero types w h i c h reac t
on ly weakly , i f a t all, w i th he t e ro logous an t ibod ies . No res is tance aga ins t I P C V h a s
b e e n f o u n d in g r o u n d n u t g e r m p l a s m , w h i c h has necess i ta ted t h e sea rch for
n o n c o n v e n t i o n a l sources of res is tance .
To tackle this p r o b l e m , research has b e e n u n d e r t a k e n a t t he Scot t i sh C r o p Re-
search Ins t i tu t e ( S C R I ) , f unded b y t h e Overseas D e v e l o p m e n t A d m i n i s t r a t i o n
( O D A ) , U K . T h e work , be ing d o n e i n co l labora t ion wi th I C R I S A T virologists , h a s
b e e n b a s e d o n t h e d e t e r m i n a t i o n o f t h e nuc l eo t ide s equences o f t he c o m p o n e n t s o f
the I P C V g e n o m e .
T h e s e q u e n c e o f t he smal ler g e n o m e R N A ( R N A 2 ) h a s s h o w n t h a t i t con t a in s
f ive genes , o f wh ich the coa t p ro t e in i s the 5 ' -most . C o m p a r i s o n of t h e s e q u e n c e of
I P C V R N A 2 wi th t h e R N A 2 o f p e a n u t c l u m p vi rus ( P C V ) from W e s t Africa h a s
s h o w n tha t t h e t w o are s imilar b u t n o t ident ica l a n d t ha t t he t rans la t ion p r o d u c t s o f
t h e different genes i n t he R N A are 2 9 - 8 9 % ident ica l i n s e q u e n c e , d e p e n d i n g o n
w h i c h genes are c o m p a r e d . T h e s e q u e n c e o f t he larger R N A ( R N A 1) revealed a 
different p i c tu re . T h i s R N A con ta ins th ree genes b u t these differ little in s e q u e n c e
( 7 5 - 9 5 % ident ical ) b e t w e e n I P C V a n d P C V . I t appea r s t ha t t h e vi ruses have d i -
ve rged great ly in R N A 2 b u t little in R N A 1.
T h e utili ty o f c loned c D N A from different pa r t s o f t h e g e n o m e as d iagnos t ic
p r o b e s was tes ted by c o n d u c t i n g hybr id iza t ion tests b e t w e e n c D N A a n d R N A ex -
t r a c t e d f rom infected p lan t s . c D N A c o r r e s p o n d i n g t o t he coa t p ro t e in g e n e i n R N A
2 reac t ed only wi th R N A ex t rac ted f rom p lan t s infected wi th t h e h o m o l o g o u s vi rus .
I n con t r a s t , c D N A c o r r e s p o n d i n g t o R N A 1 , a n d i n par t i cu la r tha t c o r r e s p o n d i n g
to t h e 3 ' - terminal s equences o f R N A 1 , r eac ted readily wi th R N A ex t rac ted f rom
plan t s infected wi th th ree sero types o f I P C V o r wi th P C V . T h i s p r o b e will be u s e d
in fu ture survey work .
In earl ier work , t h e coa t p ro t e in gene of I P C V (H serotype) was inse r t ed in to a 
p lan t t ransformat ion vector. Nicotiana benthamiana was t r ans fo rmed ut i l iz ing
Agrobacterium tumefaciens con t a in ing this vec tor , a n d p lan t s we re r e g e n e r a t e d from
t h e t r a n s f o r m e d cal lus . S o m e lines o f these t r ans fo rmed p l an t s m a k e readi ly d e t e c t -
ab le a m o u n t s o f I P C V coa t p ro t e in whe rea s o the r s d o n o t . T h e s e p l a n t s a re n o w
r e a d y for t es t ing to assess the i r res is tance to infect ion by I P C V .
___________________
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Genome Organization of Tospoviruses and the
Potential of Some of their Genes to Develop
Transgenic Resistance in Plants
D Peters, M Prins, and R Goldbach1
T o s p o v i r u s e s a re t h e causa l agen t s of a n u m b e r of ser ious p l an t d iseases , a n d a re a 
m a j o r t h r e a t t o t h e cu l t iva t ion o f t o b a c c o i n eas t e rn E u r o p e , t o m a t o i n Brazi l , a n d
g r o u n d n u t i n I n d i a a n d o t h e r coun t r i e s i n S o u t h Asia. C o n s i d e r a b l e p rogres s h a s
b e e n m a d e i n u n d e r s t a n d i n g t h e m o l e c u l a r b io logy a n d m o d e o f t r ansmis s ion o f
t h e s e v i ruses . Recen t ly p u b l i s h e d r epo r t s desc r ibe t h e u s e o f eng inee red h o s t resist-
a n c e t o c o m b a t t he se v i ruses .
M o l e c u l a r s tud ies a t W a g e n i n g e n revea led t h a t i n tospovi ruses , gene t ic in fo rma-
t i o n i s d iv ided a m o n g t h r e e R N A molecu le s . T h e largest (L) R N A e n c o d e s t h e
p u t a t i v e R N A p o l y m e r a s e . T h e M R N A e n c o d e s t he p r e c u r s o r t o t h e t w o
g lycopro te ins ( G l a n d G 2 ) a n d a n o n s t r u c t u r a l ( N S m ) p ro t e in . E v i d e n c e a c c u m u -
la t ed so far ind ica tes t h a t N S m is involved in a t u b u l e - g u i d e d cell-to-cell v i rus
t r ans loca t ion . T h e smal les t (S) R N A e n c o d e s t w o p ro t e in s , t h e n u c l e o c a p s i d ( N )
p r o t e i n a n d a n o n s t r u c t u r a l ( N S s ) p r o t e i n t ha t c a n fo rm large aggregates in t h e
c y t o p l a s m of infec ted cells.
Di f fe ren t r eg ions o f t h e tospov i rus g e n o m e have b e e n s tud i ed for the i r po ten t i a l
t o c o n v e r t suscep t ib le p l a n t species in to res i s tan t o n e s by gene t ic eng ineer ing . H i g h
levels o f r es i s t ance ( i m m u n i t y ) have b e e n o b t a i n e d by express ing the t o m a t o s p o t -
t e d wilt v i rus ( T S W V ) n u c l e o p r o t e i n ( N ) g e n e i n t r ansgen ic t o b a c c o a n d t o m a t o
p l a n t s . D u r i n g t h e cou r se o f s tud ies on t h e m e c h a n i s m s o f this res i s tance , s imilar
levels of p r o t e c t i o n w e r e also f o u n d w h e n an u n t r a n s l a t a b l e N g e n e was expressed .
T h i s o b s e r v a t i o n ind ica tes t h a t t h e res i s tance is , a t least for a ma jo r p a r t , R N A -
m e d i a t e d . T h i s res i s tance w a s n o t b r o k e n w h e n i nocu l a t ed w i th virul i ferous th r ips .
P l a n t s ca r ry ing t h e T S W V N g e n e were res is tant t o T S W V isolates , b u t n o t t o
t h e closely r e l a t ed t o m a t o chlorosis spo t a n d g r o u n d n u t r ingspo t tospovi ruses . T h e
res i s t ance c o u l d , h o w e v e r , be b r o a d e n e d by t r ans fo rming t o b a c c o p l a n t s w i th a 
D N A c o n s t r u c t c o m p r i s i n g t h e t a n d e m l y c l o n e d N genes o f these t h r e e v i ruses .
E a c h g e n e w a s p r o v i d e d wi th a copy o f t h e C A M V 3 5 S p r o m o t o r a n d t h e t e r m i n a -
tor . A t r ansgen i c t o b a c c o l ine was o b t a i n e d t h a t exh ib i t ed h igh levels of res i s tance
to t h e s e t h r e e tospov i ruses . H o w e v e r , a few l ines s h o w e d res is tance to o n e or t w o of
t h e s e v i ruses , b u t n o t t o all t h ree . T h e resul ts d e m o n s t r a t e t h a t res i s tance c a n b e
ach ieved by i n t r o d u c i n g several genes to o n e locus in t h e p l a n t g e n o m e ; th is ap-
p r o a c h c o u l d h e l p c rea te b r o a d - s p e c t r u m res i s tance i n t r ansgen ic p l an t s .
A s e c o n d po ten t i a l sou rce o f res is tance involves t h e N S m p r o t e i n g e n e . R e c e n t
s tud i e s h a v e s h o w n t h a t this p r o t e i n c o u l d b e assoc ia ted w i th p l a s m o d e s m a t a i n
in fec ted p l a n t s . T h i s resu l t sugges ts t ha t t h e N S m p r o t e i n i s involved i n t h e ce l l - to-
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cell m o v e m e n t of tospovi ruses . F u r t h e r analysis of t h e funct ional p rope r t i e s of this
p r o t e i n h a s s t r e n g t h e n e d o u r idea. Expres s ion o f t h e N S m g e n e i n p ro top l a s t s
t ransfec ted wi th a n express ion vec tor con ta in ing this N S m g e n e s e q u e n c e , r e su l t ed
in t he synthesis of t u b u l a r s t ruc tu res ex t end ing f rom t h e surface of these cells.
T r a n s f o r m i n g p l an t s wi th a modif ied gene tha t p r o d u c e s a defective p r o t e i n m a y
resul t in t h e i m p a i r m e n t of vi rus t r anspo r t f rom cell to cell. T r a n s g e n i c p l a n t s ex-
p ress ing this gene were found to be highly res is tant to infect ion w i th t h e vi rus .
Expres s ion o f un t r ans l a t ab l e a s well a s an t i - sense R N A of t h e N S m gene resu l t ed in
res i s tance in levels as h igh as those express ing t rans la tab le s e q u e n c e s . T h e resul ts
o b t a i n e d also ind ica te t ha t t he res is tance m e d i a t e d by t h e N S m g e n e i s a c c o m -
pl i shed by the express ion o f t ranscr ip t s r a the r t h a n p ro te in .
T h e resul ts show tha t t r ans fo rmat ion of p lan t s wi th t h e N a n d N S m g e n e i s a 
successful way to i n d u c e h igh levels of res is tance or c o m p l e t e i m m u n i t y to
tospov i rus infect ions. H o w e v e r , s tudies c o n d u c t e d wi th t he o t h e r T S W V genes d i d
n o t resul t i n t r ansgen ic p l an t s showing res is tance t o T S W V . T h i s shows t h a t t h e
res i s tance i n d u c e d by t h e N a n d N S m gene has to be expla ined by specific m e c h a -
n i s m s unde r ly ing o r re la ted to the i r funct ion d u r i n g t h e infection p rocess . A p p a r -
ent ly , they p lay a vital role in infect ing p lan t s .
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Update on Groundnut Transformation and
Evidence for Mechanism of Induced
Pathogen-derived Resistance to Peanut Stripe
Virus in Nicotiana benthamiana 
B Cassidy and J Ponsamuel1
C u r r e n t efforts to t r ans fo rm g r o u n d n u t (Arachis hypogaea) a re b a s e d on an efficient
r e g e n e r a t i o n p r o t o c o l . T h i s p ro toco l uti l izes i m m a t u r e e m b r y o s f rom t h e f i f th de -
v e l o p m e n t a l class o f g r o u n d n u t seeds (Wil l iams a n d D r e x l e r 1981) . T h e e m b r y -
on i c axis i s d i s sec ted f rom the seed a n d inc ludes a small a m o u n t of co ty l edon t i ssue .
T h e s h o o t a n d radic le are c u t off p e r p e n d i c u l a r t o t he axis. T h e r e m a i n i n g e m b r y o
exp lan t is cocul t iva ted wi th Agrobacterium con t a in ing a Ti p l a s m i d car ry ing a 
se lec table m a r k e r g e n e a n d a p o r t i o n of a vi rus g e n o m e . E x p e r i m e n t s ut i l iz ing t h e
B a r g e n e as a se lec table m a r k e r are be ing c o n d u c t e d . Pu ta t ive t r a n s f o r m e d p l a n t s
have b e e n selected for resis tance to Bialophos ( R ) a n d will be used for further analysis.
T h e m e c h a n i s m o f p a t h o g e n - d e r i v e d res is tance t o p e a n u t s t r ipe v i rus (PS tV) i s
b e i n g inves t iga ted . N u m e r o u s l ines of t r ans fo rmed Nicotiana benthamiana express-
ing o p e n r e a d i n g f rames ( O R F s ) o f t h e P S t V g e n o m e , cy top lasmic inc lus ion p r o -
te in ( C I ) , viral repl icase ( N I b ) , coa t p r o t e i n ( C P ) , a n d a casse t te c o n t a i n i n g t h e C I ,
N I a , a n d N I b ( C N I ) have b e e n p r o d u c e d . T h e s e p l an t s exhib i ted t w o types o f
res i s t ance . A p p r o x i m a t e l y 1 0 % o f t h e l ines exhib i ted no viral s y m p t o m s a n d c o n -
t a i n e d n o d e t e c t a b l e v i rus w h e n cha l l enged wi th P S t V b y m e c h a n i c a l t r ansmiss ion .
T h e r e m a i n d e r o f t h e t r ansgen ic l ines exh ib i ted viral s y m p t o m s initially, b u t subse -
q u e n t l y p r o d u c e d leaves t h a t were s y m p t o m l e s s a n d d id n o t c o n t a i n P S t V . W e
desc r ibe th is a s i nduc ib l e res i s tance . T h e levels o f P S t V C P t r a n s g e n e p r o t e i n a n d
m R N A w e r e f o u n d t o b e great ly r e d u c e d o r nonex i s t en t i n t he virus-free sys temic
leaves fol lowing t h e i n d u c t i o n o f res i s tance . T h e virus-free sys temic t issue was n o t
suscep t ib le to a s e c o n d inocu la t ion of P S t V b u t was suscept ib le to a s e c o n d i nocu -
la t ion o f a n o t h e r po tyv i rus , t o b a c c o e t ch virus .
We p r o p o s e a m e c h a n i s m for this i n d u c e d res is tance in w h i c h t h e c o m b i n a t i o n o f
P S t V CP t r a n s g e n e express ion a n d infect ion by P S t V c o m b i n e to p r o d u c e a r e -
s p o n s e in t h e newly-deve lop ing cells t h a t resul ts in t he t agg ing o f b o t h t he
t r a n s g e n e m R N A a n d t h e infect ing v i rus , w h i c h leads t o the i r d e g r a d a t i o n . F u r t h e r
e x p e r i m e n t s t o u n d e r s t a n d t h e r e q u i r e m e n t for h igh s e q u e n c e ident i ty b e t w e e n t h e
t r a n s g e n e a n d t h e infect ing vi rus are b e i n g c o n d u c t e d .
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Current Research on Improved Molecular
Diagnosis and Control of Groundnut Viruses
R G Dietzgen1 , P Y Teycheney1, M Livingstone2, and R G Birch2
W i t h t h e a i m o f ob t a in ing coa t p ro t e in g e n e - m e d i a t e d res i s tance t o p e a n u t s t r ipe
virus (PS tV) , f o u r modif ied P S t V a n d o n e p e a n u t m o t t l e v i rus ( P M V ) c o a t p r o t e i n
( C P ) c o n s t r u c t s w e r e expressed us ing c o m b i n e d in vitro t r ansc r ip t ion / t r ans la t ion in
a r abb i t re t iculocyte lysate sys tem. Analysis of t he t r ansc r ip t ion a n d t r ans la t ion
p r o d u c t s s h o w e d t ha t all t he cons t ruc t s d i rec ted t he synthesis o f t r ansc r ip t s a n d
p r o t e i n s o f t he expec t ed size, a n d tha t t h e t rans la t ion p r o d u c t s c o u l d be d e t e c t e d by
virus-specific ant isera . Nicotiana benthamiana p l an t s are b e i n g r e g e n e r a t e d follow-
ing leaf disc t r ans fo rma t ion us ing Agrobacterium tumefaciens h a r b o r i n g all P S t V a n d
P M V cons t ruc t s c loned in to t h e p B I N 1 9 b inary vector .
T o p r o d u c e t r ansgen ic g r o u n d n u t p l an t s , t he efficiency o f four po ten t i a l t r a n s -
fo rma t ion sys tems is be ing invest igated for commerc ia l g r o u n d n u t cul t ivars : (i) p a r -
ticle b o m b a r d m e n t of e m b r y o n i c leaflets, (ii) m e r i s t e m b o m b a r d m e n t , (iii) b o m -
b a r d m e n t of e m b r y o g e n i c callus or i m m a t u r e e m b r y o s , a n d (iv) Agrobacterium-me-
d ia t ed t r ans fo rma t ion of leaf discs or e m b r y o n i c leaflets.
T h e h ighl ights o f o u r s tud ies are :
• Expre s s ion of t h e luceferose (luc) r epo r t e r gene was observed for 7 weeks in
n o n s e l e c t e d cal lus fo rmed o n b o m b a r d e d embryogen ic leaflets. F r o m t h e 5 0 0 0
e m b r y o n i c leaflets b o m b a r d e d wi th p G N 1 a n d cu l tu red on a suble tha l level o f
k a n a m y c i n (50 mg L - 1 ) , 3 0 0 shoo t s we re ob t a ined , 10 o f wh ich f o r m e d r o o t s .
Of t he se , 3 l ines are available for assay by S o u t h e r n analysis.
• P re l imina ry resul ts b a s e d on t r ans ien t express ion in b o m b a r d e d m e r i s t e m s
a p p e a r to be p romi s ing , p r o v i d e d care i s t aken to avoid m e r i s t e m d a m a g e
d u r i n g d issec t ion a n d b o m b a r d m e n t .
• S o m a t i c embryogenes i s was observed in i m m a t u r e e m b r y o s of g r o u n d n u t cvs
Ga jah a n d N C 7 cu l t u r ed o n M S m e d i u m s u p p l e m e n t e d wi th 1 m g L - 1
p i c l o r a m . P r o l o n g e d express ion of t h e luc a n d u id A repor t e r genes w a s
obse rved (2 -3 weeks after b o m b a r d m e n t ) i n somat ic e m b r y o s a n d
e m b r y o g e n i c cal lus f r o m i m m a t u r e e m b r y o s . S o m a t i c e m b r y o s (cvs G a j a h a n d
N C 7 ) were s h o w n t o prol iferate i n l iquid cu l tu re , a n d t h e resul t ing
e m b r y o g e n i c cal lus was s h o w n to have t he po ten t ia l to r egenera te in vitro. 
• Ant ib io t ic - res i s tan t callus was selected following Agrobacterium-mediatcd 
t r a n s f o r m a t i o n of leaf d iscs , b u t for t he cult ivars we tes ted , th is cal lus w a s n o t
c a p a b l e o f r egene ra t ion in to p l an t s .
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P r e l i m i n a r y resu l t s , ut i l iz ing t h e mu l t i p l e reverse t r ansc r ip t a se -po lymerase c h a i n
r eac t i on ( R T - P C R ) m e t h o d s h o w e d t h a t P S t V c o u l d b e d e t e c t e d i n g r o u n d n u t
seeds . A nove l v i rus re lease m e t h o d w h i c h d o e s n o t r equ i r e g r ind ing of p l a n t t i ssue
w a s e m p l o y e d for R T - P C R t e m p l a t e p r e p a r a t i o n . A d o t b lo t nuc le ic ac id hybr id iza-
t i o n assay w a s d e v e l o p e d for t h e de t ec t i on o f P S t V , P M V , a n d c u c u m b e r m o s a i c
v i rus (different ia t ion o f b o t h se rog roups ) u s i n g P C R D I G - l a b e l l e d D N A p r o b e s
a n d co lo r ime t r i c o r c h e m i l u m i n e s c e n t subs t r a t e .
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Use of Serology to Identify Viruliferous Thrips
that Transmit Tomato Spotted Wilt Virus and
the Use of RT-PCR to Detect Peanut Stripe
Virus in Groundnut Seed
J L Sherwood 1
D e t e c t i o n of viruses in the i r p r imary source i s impera t ive for t h e d e v e l o p m e n t of
effective tact ics a n d strategies for disease m a n a g e m e n t . T o m a t o s p o t t e d wilt
tospov i rus ( T S W V ) repl icates in a n d i s t r ansmi t t ed by t h e wes t e rn f lower th r ips
(Franklinella occidentalis). M o n o c l o n a l an t ibod ies ( M c A b s ) w e r e m a d e to t he
n o n s t r u c t u r a l p r o t e i n ( N S s ) e n c o d e d b y the small R N A o f T S W V . N S s i s p r o -
d u c e d i n t h e th r ips vec to r i n w h i c h T S W V has repl ica ted. M c A b s w e r e u s e d i n
a n t i gen -coa t ed p la te enzyme- l inked i m m u n o s o r b e n t assay ( A C P - E L I S A ) wi th t h e
Zwi t t e r ion ic de t e rgen t E m p i g e n - B B (E-BB) a t 0 . 1 % (a.i.) i n t he a n t i b o d y d i lu t ion
buffer in o r d e r to r e d u c e nonspecif ic b i n d i n g which resul ts in h igh a b s o r b a n c e
read ings o f con t ro l s amples , especially w h e n thr ips were u sed in A C P - E L I S A . W i t h
E - B B , a 10-fold difference in a b s o r b a n c e values was observed b e t w e e n a d u l t t h r ip s
fed on hea l thy p lan t s a n d adu l t th r ips fed on virus- infected p lan t s as larvae , c o m -
p a r e d wi th A C P - E L I S A wi th T w e e n - 2 0 , in wh ich the re was only a three-fold differ-
e n c e .
T h e uti l i ty o f A C P - E L I S A in identifying viruliferous thr ips was c o m p a r e d wi th
t ransmiss ion of T S W V by thr ips to Petunia grandiflora. T h e t w o assays w e r e in
a g r e e m e n t 9 2 % o f t h e t ime . T h e errors were divided: 6 % o c c u r r e d w h e n A C P -
E L I S A d e t e c t e d th r ips wi th N S s b u t t he th r ips were n o t identif ied a s t r ansmi t t e r s i n
t h e p l an t t r ansmiss ion assay, a n d 2 % occu r r ed w h e n A C P - E L I S A d id n o t d e t e c t
th r ips t ha t were posi t ive in t he p l an t t r ansmiss ion assay.
D o u b l e a n t i b o d y s andwich ( D A S ) - E L I S A a n d A C P - E L I S A wi th an t i bod ie s t o
N S s o f T S W V were also c o n d u c t e d wi th leaf t issue infected wi th I m p a t i e n s
nec ro t i c s p o t vi rus ( I N S V ) a n d p e a n u t b u d necros is virus ( P B N V ) . B o t h I N S V a n d
P B N V gave posi t ive reac t ions in D A S - a n d A C P - E L I S A (3 to 4 t imes t h e hea l thy
con t ro l ) wi th an t ibod ies t o T S W V - N S s , b u t t he a b s o r b a n c e was less t h a n t h e r eac -
t ion o b t a i n e d wi th T S W V (10 t imes t he hea l thy con t ro l ) . T h e s e f i n d i n g s ind ica te
t h a t A C P - E L I S A wi th E - B B is a useful t e c h n i q u e for identifying virul i ferous th r ips
a n d h a s po ten t i a l for u se i n forecast ing t o m a n a g e T S W V e p i d e m i c s . H o w e v e r ,
p r o d u c t i o n o f an t ibod ies t o N S s o f the tospovi rus o f in teres t m a y be n e e d e d to
effectively u s e this assay.
Serological t e c h n i q u e s have b e e n useful in d e t e c t i n g p e a n u t s t r ipe v i rus ( P S t V )
in a single seed , b u t are n o t sensitive e n o u g h for sc reen ing of seed- lo ts . T h e reverse
t r ansc r ip t a se -po lymerase cha in reac t ion ( R T - P C R ) is a very sensi t ive assay, b u t
d e t e c t i o n o f P S t V by R T - P C R a n d o t h e r assays have n o t b e e n c o m p a r e d . U s i n g a 
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modi f i ca t ion of t h e m e t h o d for ex t rac t ion of viral R N A from p l a n t t i ssue a n d a set
o f p r i m e r s t h a t y ie lded a n app rox ima te ly 4 0 0 b p P C R p r o d u c t , d e t e c t i o n o f P S t V
was e x a m i n e d b y R T - P C R , E L I S A , a n d g r o w - o u t tes ts . T h e p r i m e r s u s e d w e r e 5 -
A A G C C G T T C A T C A C A A T T - 3 ' (for R T - P C R ) a n d 5 ' - T C A G G G A G C A G C A -
C A - 3 ' (for P C R ) . Seed l ings o f t h e cul t ivars F l o r u n n e r a n d P r o n t o we re m e c h a n i -
cally i n o c u l a t e d wi th P S t V a t t h e 3-leaf s tage a n d g r o w n in baske t s ( app rox ima te ly
45 cm x 45 cm x 30 c m ) to ma tu r i t y . Of 2 0 0 seeds o f each cul t ivar t e s t ed , s o m e t h a t
w e r e posi t ive by E L I S A ( O D 4 0 5 < 0 .100) were assayed by R T - P C R a n d g r o w - o u t
tes ts . All seeds posi t ive by E L I S A were also posi t ive by R T - P C R . F o r t he cv
F l o r u n n e r , seven seeds negat ive by E L I S A w e r e also negat ive in g r o w - o u t tes t s , b u t
t w o w e r e posi t ive b y R T - P C R . F o r t h e c v P r o n t o , o f 2 6 seeds negat ive b y E L I S A ,
o n e w a s posi t ive i n t h e g r o w - o u t test , a n d 1 6 were posi t ive b y R T - P C R . A p p a r -
ent ly , R T - P C R m a y de t ec t viral R N A i n g r o u n d n u t seed tha t does n o t lead t o
infect ion. F u r t h e r eva lua t ion o f R T - P C R i s u n d e r p rogress .
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Components of Resistance to Peanut Bud
Necrosis Virus
A A M Buiel1,2, D V R Reddy1, D Peters3, and J E Parlevliet2
P e a n u t b u d necros is disease caused by p e a n u t b u d necros is v i rus ( P B N V ) , i s a 
ma jo r cons t r a in t t o g r o u n d n u t p r o d u c t i o n in S o u t h Asia. I t h a s b e e n r e p o r t e d f rom
C h i n a , Ind ia , N e p a l , Sri L a n k a , a n d T h a i l a n d . T h e virus i s pers is tent ly t r a n s m i t t e d
by Thrips palmi K a r n y , b u t is n o t t r a n s m i t t e d by seed. B reed ing for res i s tance to
b o t h t h e virus a n d t h e vec to r i s the m o s t p romis ing a p p r o a c h to con t ro l t h e d isease .
F ie ld res is tance h a s b e e n observed in s o m e g r o u n d n u t geno types , a n d i s exp res sed
as a lower infect ion ra te a n d fewer infected p lan t s .
S tud i e s u s i n g sap inocu la t ion tests have revealed a genera l a d u l t - p l a n t res i s tance
i n d e p e n d e n t of geno type . F o r ins tance , i t was observed tha t wi th increas ing leaf age
or p l a n t age , t h e n u m b e r o f infected p lan t s b e c a m e fewer in all g e n o t y p e s . To
exc lude factor of adu l t -p l an t res is tance , only the un fo lded th i rd leaf (in o r d e r of
a p p e a r a n c e ) was u s e d in t h e inocu la t ion tes ts . U s i n g this m e t h o d , v i rus- res i s tan t
geno types were identif ied e.g., I C G V s 8 6 0 2 9 , 8 6 0 3 1 , 8 6 3 6 3 , 8 6 3 8 8 , a n d 8 6 4 3 0 .
G e n o t y p e s wi th field res is tance b u t w i t h o u t virus res is tance were a s s u m e d to h a v e
vec to r res i s tance . T h i s was conf i rmed in f i e ld expe r imen t s in w h i c h low th r ips
p o p u l a t i o n s were obse rved on these geno types .
In o u r s tudy , we e x a m i n e d t h e virus res is tance m e c h a n i s m s caus ing r e d u c e d in -
c idence . Specifically, we s tud ied t h e d e v e l o p m e n t o f virus c o n c e n t r a t i o n in t h e
mechan ica l ly sap - inocu la t ed leaf a n d the sp read of t he virus to systemical ly infected
leaves, in o r d e r to invest igate w h e t h e r r e d u c e d inc idence is a resul t of res i s tance to
mul t ip l i ca t ion or res t r ic t ion of sys temic t rans loca t ion .
Vi rus mul t ip l i ca t ion was inh ib i t ed in t he inocu la ted leaves of res is tant geno types .
Ye t , w h e n sys temic infect ion o c c u r r e d in t h e res is tant geno types , t h e v i rus c o n c e n -
t r a t ion in the systemically infected leaves was c o m p a r a b l e wi th t ha t in t h e suscep t i -
b le geno types . Vi rus c o n c e n t r a t i o n was positively cor re la ted wi th t he severity of t h e
s y m p t o m s on t h e systemically infected leaf in b o t h the res is tant a n d suscep t ib le
geno types . T h e s e resul ts ind ica te t ha t res is tance inhibi ts virus mul t ip l i ca t ion a t t he
site of infect ion. T h u s , res is tance decreases t he chances of sys temic infect ion, re-
su l t ing in r e d u c e d disease inc idence in a popu l a t i on of res is tant geno types .
1. Crop Protection Division, ICRISAT Asia Center, Patancheru 502 324, Andhra Pradesh, India.
2. Plant Breeding Department, Agricultural University, Wageningen, P O Box 386, 6700 AJ Wagenin-
gen, T h e Netherlands.
3. Virology Department, Agricultural University, Wageningen, P O Box 386, 6700 AJ Wageningen, T h e
Netherlands.
1 9
Current Research on Breeding for Resistance
to Groundnut Viruses at ICRISAT Asia Center
S L Dwivedi 1 , D V R Reddy2, A S Reddy2, L J Reddy1, and S N N igam 1
Disease s of g r o u n d n u t (Arachis hypogaea L . ) c a u s e d by p e a n u t b u d necros is v i rus
( P B N V ) , p e a n u t m o t t l e virus ( P M V ) , p e a n u t s t r ipe virus ( P S t V ) , a n d I n d i a n p e a -
n u t c l u m p vi rus ( I P C V ) are economica l ly i m p o r t a n t i n t h e Asia-Pacif ic reg ion . A t
I C R I S A T Asia C e n t e r ( I A C ) , g r o u n d n u t b r e e d i n g activity ha s focussed o n
g e r m p l a s m sc reen ing a n d d e v e l o p m e n t o f i m p r o v e d g e r m p l a s m wi th res i s tance t o
p e a n u t b u d necros i s d isease ( P B N D ) . O v e r 8 0 0 0 access ions o f cu l t iva ted g r o u n d -
n u t (A. hypogaea) a n d 19 access ions of wild Arachis species we re sc reened for resist-
a n c e t o P B N D u n d e r f i e l d cond i t ions . O f these , I C G s 8 4 8 , 8 5 1 , 8 5 2 , 8 6 2 , 8 6 9 ,
8 8 5 , 2 2 7 1 , 2 3 0 6 , 2 3 0 7 , 2 3 2 3 , 2 7 4 1 , 3 0 4 2 , 3 8 0 6 , 3 8 7 3 , 5 0 2 4 , 5 0 3 0 , 5 0 4 3 , 5 0 4 4 ,
6 1 3 5 , 6 3 1 7 , 6 3 2 3 , 7 6 7 6 , a n d 7 8 9 2 s h o w e d consis tent ly low P B N D inc idence c o m -
p a r e d w i th t h e suscept ib le con t ro l JL 2 4 . T h e y all b e l o n g t o t he subspec ies
hypogaea. F ive access ions of the wild species A. duranensis ( 3 0 0 6 4 , 3 0 0 6 5 , 3 6 0 0 2 ,
3 6 0 0 2 - 2 , a n d 3 6 0 0 5 ) , a n d o n e access ion each of A. volida ( 3 0 0 1 1 ) , A. correntina 
( 9 5 3 0 ) , a n d A . monticola ( 3 0 0 6 3 ) s h o w e d res is tance to P B N D .
P B N V is t r a n s m i t t e d by Thrips palmi. Res i s t ance to P B N D c o u l d be d u e to
res i s tance to t h e vec to r a n d / o r t h e virus . T h e r e f o r e , t h e s t ra tegy a d o p t e d for b r e e d -
ing for res i s tance involves t h e i nco rpo ra t i on of res is tance to b o t h vec to r a n d vi rus
i n t o i m p r o v e d gene t i c b a c k g r o u n d s . Several h igh-yie ld ing lines wi th res i s tance to
P B N D h a v e b e e n d e v e l o p e d a t I A C . In t he major i ty o f these l ines , res i s tance t o
P B N D i s d u e to n o n p r e f e r e n c e by t h e vec tor . All t he i m p r o v e d lines t e s t ed so far,
i n c l u d i n g interspecif ic der ivat ives , are suscept ib le to P B N V w h e n mechan ica l ly in -
o c u l a t e d a t a relatively h igh virus c o n c e n t r a t i o n (10 - 1 d i lu t ion of ex t rac t ) . H o w e v e r ,
I C G V 8 6 0 3 1 a n d I C G V 8 6 3 8 8 s h o w e d res is tance w h e n inocu l a t ed a t a low virus
c o n c e n t r a t i o n ( 1 0 2 o r lower d i lu t ion o f ex t rac t ) . H igh-y ie ld ing cul t ivars ( I C G V s
8 7 1 2 3 , 8 7 1 2 8 , 8 7 1 8 9 , a n d 8 7 6 1 4 1 ) wi th f i e l d res is tance t o P B N D are n o w b e i n g
g r o w n in Ind i a .
P M V i s s e e d b o r n e a n d i s t r a n s m i t t e d b y m a n y a p h i d s . N o n e o f t h e 3 0 0 0 cul t i -
v a t e d g r o u n d n u t g e r m p l a s m lines s c reened so far have s h o w n res is tance to i t u n d e r
f i e l d c o n d i t i o n s . H o w e v e r , N C A c 2 2 4 0 a n d N C A c 2 2 4 3 cons is ten t ly s h o w e d
significantly lower yield losses t h a n t h e suscept ib le con t ro l s . T h e r e f o r e they are
r e g a r d e d a s to l e ran t t o P M V . N C A c 1 7 0 9 0 a n d N C A c 1 7 1 3 3 ( R F ) , t h e t w o rus t -
a n d la te leaf spo t - res i s t an t sou rces , d id n o t t r a n s m i t t h e v i rus t h r o u g h seeds w h e n
m o r e t h a n 20 0 0 0 w e r e tes ted . A l imi ted b r e e d i n g p r o g r a m was in i t ia ted t o c o m -
b i n e t h e t o l e r ance a n d n o n - s e e d - t r a n s m i s s i o n t rai ts wi th i m p r o v e d gene t ic b a c k -
g r o u n d s . Several a d v a n c e d b r e e d i n g l ines a re n o w available for fur ther sc reen ing .
__________________
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O u r efforts i n t h e pas t t o loca te res is tance to I P C V a n d P S t V in cu l t iva ted
g r o u n d n u t g e r m p l a s m have failed. Res i s tance to P S t V in s o m e access ions of wild
Arachis species h a s b e e n r e p o r t e d by o the r workers . H o w e v e r , a t t e m p t s have n o t
b e e n m a d e t o t ransfer this res i s tance t o cul t iva ted g r o u n d n u t . T h e d e v e l o p m e n t o f
t r ansgen ic p l an t s con t a in ing virus genes offers exci t ing p rospec t s for i n d u c i n g re-
s is tance t o I P C V a n d P S t V .
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Strategies for Management of Indian Peanut
Clump Virus
P Delfosse1, P S Devi1 , A Legreve2, S V Wesley1 , A S Reddy1, H Marai te 2 , and
D V R Reddy1
P e a n u t c l u m p vi rus i s a furovirus affecting g r o u n d n u t in W e s t African c o u n t r i e s
( W A P C V ) a n d I n d i a ( I P C V ) . S ince t h e v i rus i s s e e d b o r n e in Arachis hypogaea,
Eleusine coracana, Pennisetum glaucum, a n d Setaria italica, u s e of virus-free seeds is
essent ia l to p r e v e n t t h e sp r ead of t h e disease . Polymyxa s p p , a so i l - inhabi t ing fun-
g u s , t r a n s m i t s t h e virus t o g r o u n d n u t a n d also t o var ious o t h e r c rops a n d w e e d s .
Cynodon dactylon, Dactyloctenium aegyptium, Digitaria ciliaris, Eleusine coracana, 
Eragrostis ciliaris, E. tremula, E. uniloides, Pennisetum glaucum, Setaria italica, Sorghum 
bicolor, S. sudanense, Triticum aestivum, a n d Zea mays h a v e b e e n f o u n d to be n a t u -
rally infec ted by b o t h t h e virus a n d t h e fungus .
T h e v i rus i s of ten d e t e c t e d in g r o u n d n u t a n d in s o m e w e e d s e.g., Celosia argentea 
and Oldenlandia corymbosa. In teres t ingly , these hos t s have n o t b e e n f o u n d to be
co lon ized by t h e fungus .
Polymyxa cystosori have s e l d o m b e e n obse rved in t h e roo t s of A. hypogaea. An
e x p e r i m e n t c o n d u c t e d a t I C R I S A T Asia C e n t e r ( I A C ) h a s i nd i ca t ed t h a t i t i s p o s -
sible to r e d u c e d isease inc idence by g rowing a c r o p n o n p r e f e r r e d by Polymyxa be-
fore ra i s ing g r o u n d n u t in t h e ra iny season . S u c h a c r o p w o u l d i n d u c e t h e g e r m i n a -
t i on of t h e res t ing spo re s , l ead ing to a r e d u c t i o n in t h e i n o c u l u m of t he fungus in
t h e soil. N e v e r t h e l e s s , i t i s advisable n o t to g row g r o u n d n u t c o n t i n u o u s l y b e c a u s e
this m a y drast ical ly increase p r e s s u r e f rom o t h e r p a t h o g e n s .
In Ra j a s than , in f ie lds w h e r e p e a n u t c l u m p disease i s very severe , a col labora t ive
trial i s in p rog re s s w i th t h e Ra ja s than Agr icu l tura l Univers i ty , in w h i c h g r o u n d n u t i s
b e i n g r o t a t e d wi th ch ickpea , m u s t a r d , a n d sunf lower ins t ead o f w h e a t , w h i c h i s t h e
m o s t c o m m o n l y g r o w n c r o p i n t h e pos t r a iny season . I t w a s f o u n d t h a t t h e w e e d s
Cyperus rotundus a n d C. diffusus usua l ly h a v e a h igh degree of infect ion by t h e fun-
g u s . H o w e v e r P C V w a s n o t d e t e c t e d i n t h e m . T h i s i s a n i m p o r t a n t obse rva t ion . I f
Polymyxa s p p infect ing Cyperus s p p is t h e s a m e fungus t h a t t r a n s m i t s t h e virus to
g r o u n d n u t , t h e n th is raises i m p o r t a n t possibi l i t ies . I f t h e fungus c a n mul t ip ly in a 
h o s t t h a t i s i m m u n e to v i rus infect ion, i t m a y be r e n d e r e d nonvi ru l i fe rous . I t i s
abso lu te ly essent ia l to identify a c r o p p l a n t wi th t h e s a m e fea tures . G r o w i n g s u c h a 
c r o p be fo re g r o u n d n u t will l ead to a g radua l r e d u c t i o n of t h e v i rus i n o c u l u m a n d a 
c o n c o m i t a n t r e d u c t i o n i n d isease inc idence .
Cynodon dactylon is a pe rn i c ious w e e d c o m m o n l y f o u n d in f a rmer s ' f ields w h i c h
c a n r e p r o d u c e vegetat ively t h r o u g h r h i z o m e s . All t h e r h i z o m e s ar is ing f rom an in -
fec ted p l a n t c o n t a i n t h e v i rus . S u c h r h i z o m e s c a n be reservoirs o f t h e v i rus . S ince
t h e y t e n d t o s p r e a d i n t h e soil, t h e n e w r o o t s ar is ing f rom t h e m c a n p r o v i d e viral
______________________
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i n o c u l u m to t h e nonvirul i ferous Polymyxa a n d t h u s crea te a n e w n u c l e u s of t h e
disease . T h e r e f o r e , c lean cul t ivat ion appea r s to be necessary for t h e m a n a g e m e n t o f
t h e d isease .
G r o u n d n u t i s usual ly n o t affected by the disease d u r i n g the pos t ra iny season as
I P C V t r ansmis s ion i s cor re la ted wi th t e m p e r a t u r e . W h e n t e m p e r a t u r e s are b e l o w
2 5 ° C , only negligible disease inc idence has b e e n observed ( R e d d y e t al. 1988) .
W h e n g r o u n d n u t was ra ised in t h e ra iny season , i f sowing was de layed b e y o n d t h e
onse t o f t h e m o n s o o n ra ins , m o s t o f t h e g r o u n d n u t p l an t s e scaped t h e disease . I n
s u m m e r , t h e soil t e m p e r a t u r e can easily r each 4 5 ° C . T h i s d ry hea t i s likely to b reak
t h e d o r m a n c y of t h e spores o f Polymyxa s p p a n d the f i r s t ra ins m a y i n d u c e t h e
p r o d u c t i o n o f p r i m a r y zoospores wh ich infect even nonpre fe r r ed hos t s . H o w e v e r ,
prefer red hos t s of Polymyxa s p p such as s o r g h u m , f inger mil let , pear l mil let , a n d
w h e a t c a n be infected t h r o u g h o u t t he year . W h e a t was found to be infected even
w h e n the soil t e m p e r a t u r e var ied f rom 17 to 2 4 ° C w h e r e a s t h e o p t i m u m t e m p e r a -
t u r e r e q u i r e d for Polymyxa s p p was found to be b e t w e e n 25 a n d 3 0 ° C for the I n d i a n
isolates (A. Legreve , pe r sona l c o m m u n i c a t i o n ) .
T h e s e resul t s ind ica te t ha t i f a prefer red h o s t i s g r o w n u n d e r i r r igated cond i t i ons ,
Polymyxa s p p car ry ing I P C V can infect c rops d u r i n g the pos t ra iny season. In this
case , t he g e r m i n a t i o n of res t ing spores i s likely to be i n d u c e d by t h e roo t exuda t e s
of t h e prefe r red hos t s .
Va r ious chemica l s ( d i b r o m o c h l o r o p r o p a n e , ca rbofuran , a n d a ldicarb) have
p r o v e d efficient in r e d u c i n g I P C V inc idence . W h e t h e r the i r u s e i s economica l o r
n o t i s yet t o be ascer ta ined . S o m e o f t h e m are cons ide red h a z a r d o u s to h u m a n s .
Solar iza t ion c a n effectively r e d u c e disease inc idence b u t t h e effect i s n o t p e r m a -
n e n t .
M o r e t h a n 8 0 0 0 g e r m p l a s m lines were t es ted u n d e r f i e l d cond i t ions i n L u d h i a n a
a n d Bapa t l a b u t n o n e o f t h e m s h o w e d res is tance o r to le rance . I n fu ture , t ransfor-
m a t i o n o f g r o u n d n u t by t h e i n t r o d u c t i o n o f t h e gene c o d i n g for the coat p ro t e in o f
t h e v i rus m a y lead to res is tance . At p re sen t , a well chosen c rop ro ta t ion sys tem t h a t
avoids cereal c rops before g r o u n d n u t , de layed sowing, us ing nonpre fe r r ed hos t s o f
Polymyxa s p p or c rops t h a t are i m m u n e to t h e virus before raising g r o u n d n u t , c lean
cul t iva t ion , a n d u s e o f virus-free seeds are a m o n g the prac t ices direct ly available to
t h e f a rmer to r e d u c e disease inc idence .
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Current Research on Peanut Stripe Virus and
Measures to Contain its Spread in India
M S Basu1
P e a n u t s t r ipe virus (PS tV) i s cu r ren t ly cons ide red to be o n e o f the m o s t e c o n o m i -
cally i m p o r t a n t g r o u n d n u t viruses in S o u t h Asia a n d S o u t h e a s t Asia. In Ind i a , i t i s
r e g a r d e d as a q u a r a n t i n e d isease . I t was first obse rved in 1987 in eight ent r ies origi-
n a t i n g f rom J u n a g a d h , Gu ja ra t , wh ich h a d b e e n g r o w n for mul t i loca t iona l evalua-
t ion u n d e r t h e All Ind ia C o o r d i n a t e d Resea rch Project o n Oi l seeds ( A I C O R P O ) .
To p r e v e n t t h e virus f rom s p r e a d i n g fur ther a n d to e l imina te c h a n c e s o f its e s t ab -
l i s h m e n t , all t h e g e n o t y p e s in t h e varietal trials a t all t he 34 test loca t ions in t h e
c o u n t r y we re des t royed . T h i s was followed b y regular m o n i t o r i n g a n d d e s t r u c t i o n
of all s u s p e c t e d s amp le s . T h u s , wi th in t w o years after its first a p p e a r a n c e , t h e v i rus
was e r a d i c a t e d f rom all t h e g r o u n d n u t research cen te r s in t he c o u n t r y excep t
J u n a g a d h a n d its vicinity.
In I n d i a , p e a n u t s t r ipe v i rus isolate p r o d u c e s g reen b lo t ches on y o u n g leaves
w h i c h pers is t in t he o lde r leaves. Seed t r ansmiss ion f requency has b e e n f o u n d to
r a n g e f rom 1 2 % ( JL 24) t o 2 9 % (Kadi r i 3 ) . T h e virus m a y be t r a n s m i t t e d by Aphis 
craccivora a n d A. glycines in a n o n p e r s i s t e n t m a n n e r . H i g h e r i nc idence of t h e v i rus
was obse rved in t he pos t ra iny season t h a n in the ra iny season . T h i s m a y be d u e to
t h e p r e s e n c e o f larger n u m b e r s o f aph ids d u r i n g t h e pos t ra iny season .
N o rel iable d a t a a re available o n c r o p losses, u n d e r e i ther g r e e n h o u s e o r f i e l d
c o n d i t i o n s .
Bes ides s u s p e n s i o n of seed p r o d u c t i o n activities a t J u n a g a d h , a b a n h a s b e e n
i m p o s e d on t h e m o v e m e n t o f seed /p lan t mate r ia l s f rom the re to e l sewhere in t he
c o u n t r y . F a r m e r s ' fields a r o u n d J u n a g a d h are be ing closely m o n i t o r e d by staff
t r a i n e d i n t h e ident i f icat ion o f P S t V . T h e staff o f I C R I S A T Asia C e n t e r a n d t h e
D i r e c t o r a t e o f P l a n t P r o t e c t i o n , Q u a r a n t i n e , a n d S to rage have b e e n h e l p i n g i n t h e
m o n i t o r i n g of P S t V in J u n a g a d h as well as in o t h e r pa r t s o f Ind ia . M e a s u r e s are
b e i n g t a k e n to e rad ica te t he virus in Gu ja ra t , a n d therefore f rom all o f Ind ia .
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Working Group Approach to Finding
Solutions for Groundnut Virus Diseases in the
Asia-Pacific Region
Sopone Wongkaew 1
T a c k l i n g virus diseases calls for a mul t id isc ip l inary a p p r o a c h as in t he case of o the r
p l a n t d iseases . At t h e na t iona l level, a virologist n e e d s to co l labora te wi th e n t o -
molog i s t s a n d p l an t b r eede r s i n o r d e r t o secure da t a tha t cou ld be u s e d to fo rmula te
a prac t ica l d isease con t ro l s trategy. Precise ident i f icat ion of the causal virus/es is
necessa ry before fo rmula t ing cont ro l m e a s u r e s . T o accompl i sh th is , t r a ined p e r -
sonne l a n d e labora te l abora to ry e q u i p m e n t are essent ial . H o w e v e r , such facilities
m a y n o t be available in m o s t o f t h e deve lop ing coun t r i e s in t h e Asia-Pacific region.
T h i s p r o b l e m c a n be o v e r c o m e by scientists sha r ing da t a or work ing toge the r as a 
g r o u p . In t e rna t iona l ins t i tu tes cou ld play the role o f m e d i a t o r o r c o o r d i n a t o r to
facilitate t h e fo rmat ion of such g r o u p s .
A t p r e s e n t , t he r e are t w o work ing g r o u p s tackl ing p r o b l e m s re la t ing t o g r o u n d -
n u t v i ruses in Africa a n d the Asia-Pacific region. A l t h o u g h r emarkab l e progress h a s
b e e n m a d e , t he r e are still m a n y obs tac les t o be o v e r c o m e before economica l a n d
effective con t ro l m e a s u r e s can be r e c o m m e n d e d for i m p o r t a n t viruses such as pea -
n u t s t r ipe virus (PS tV) . M o r e active invo lvement of t he na t iona l agr icul tural re -
search sys tems ( N A R S ) in the work ing g r o u p will accelera te progress t o w a r d s such
a goal . L inkages s h o u l d be es tab l i shed b e t w e e n N A R S in t he Asia-Pacific reg ion
a n d m e n t o r ins t i tu tes a n d in te rna t iona l agr icul tura l research cen te rs . T h i s w o u l d
facilitate col laborat ive research a n d t echno logy exchange activities. T h e following
s teps s h o u l d be t aken :
• Select o n e of t he coun t r i e s in the region possess ing the necessary facilities a n d
exper t i se to ac t as a n o d a l cen te r for t echno logy transfer.
• Ident ify t h e m o s t ser ious virus disease p r o b l e m in t h e region.
• E x c h a n g e available in fo rmat ion on g r o u n d n u t virus diseases.
• S h a r e t h e available resources .
S ince p e a n u t b u d necros is virus ( P B N V ) i s o n e of the m o s t i m p o r t a n t viruses in
m a n y As ian coun t r i e s , i t m a y be justified to p r o p o s e a work ing g r o u p for this v i rus .
As t he re i s sufficient ev idence to s u p p o r t t he a s s u m p t i o n t ha t t h e v i rus i s p r e s e n t
only in Asia, t he Asia-Pacific W o r k i n g G r o u p shou ld take up the task of f inding a 
so lu t ion to it.
1. Department of Plant Pathology, Faculty of Agriculture, Khon Kaen University, Khon Kaen, Thailand.
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Current Research on Groundnut Virus
Diseases in China
X Zeyong1 , Z Zongyi1 , C Kunrong1 , C Jinxang1, and D V R Reddy2
C u r r e n t r e sea rch on g r o u n d n u t vi rus diseases i n C h i n a i s focussed on t h r e e ma jo r
economica l ly i m p o r t a n t v i ruses : p e a n u t s t r ipe v i rus ( P S t V ) , c u c u m b e r m o s a i c v i rus
( C M V ) , a n d p e a n u t s t u n t v i rus ( P S V ) . Di sease surveys c o n d u c t e d f rom 1992 t o
1 9 9 4 revea led t h a t P S t V w a s p reva len t i n all g r o u n d n u t f i e lds in seven c o u n t i e s in
H u b e i a n d S h a n d o n g p rov inces . Severe P S V ep idemics w e r e r e c o r d e d i n Q i a n a n
a n d L u a n x i a n coun t i e s i n H u b e i p rov ince i n 1992 . C M V o c c u r r e d i n all seven
c o u n t i e s , a n d r e a c h e d e p i d e m i c p r o p o r t i o n s i n Q i a n a n a n d L u a n x i a n c o u n t i e s o f
H u b e i p r o v i n c e i n 1 9 9 4 , a n d i n Qixia , Pengla i , M u p i n g , F o u s a n , a n d L a i y a n c o u n -
ties i n S h a n d o n g p rov ince in 1993 a n d 1994 .
We w o r k e d in c o o p e r a t i o n wi th local ex tens ion agencies t o deve lop i n t eg ra t ed
m a n a g e m e n t p rac t i ces for g r o u n d n u t virus d iseases , ma in ly focuss ing o n C M V , i n
va r ious coun t i e s i n S h a n d o n g p rov ince . A s s e s s m e n t o f c r o p losses s h o w e d t h a t
early infect ion ( < 6 0 days after sowing) b y C M V r e d u c e d p o d yields b y 3 3 . 3 % i n
p o l y t h e n e m u l c h e d f i e l d s a n d b y 4 5 % i n n o n m u l c h e d g r o u n d n u t f i e l d s . T h e aver-
age seed t r ansmi s s ion ra tes for C M V a n d P S t V from seeds col lec ted i n t h e Y a n t a i
a rea , t e s t ed b y E L I S A a n d g r o w - o u t tes t s , we re 0 . 1 4 % a n d 0 . 3 6 % i n 1 9 9 3 a n d
0 . 9 5 % a n d 0 . 3 8 % i n 1994 , respect ively. T h i s i nd i ca t ed t ha t seed t r ansmis s ion m a y
b e t h e m a j o r p r i m a r y sou rce o f i n o c u l u m for C M V a n d P S t V .
A p p l i c a t i o n o f p o l y t h e n e m u l c h r e d u c e d C M V inc idence i n f a r m e r s ' f i e l d s i n
Y a n t a i . R e m o v a l o f C M V - i n f e c t e d seedl ings (from seed t r ansmiss ion ) a t an early
s tage r e d u c e d C M V inc idence t o 1 2 . 7 % c o m p a r e d wi th 3 3 % i n con t ro l p lo t s i n a 
f i e ld trial in Qixia in 1 9 9 3 . I n t e g r a t e d m a n a g e m e n t p rac t i ces r e c o m m e n d e d for
C M V i n Y a n t a i i nc lude o b t a i n i n g seeds f rom f i e l d s w i th low o r n o C M V infect ion,
preferably f rom p o l y t h e n e shee t m u l c h e d f i e ld s ; app l ica t ion o f p o l y t h e n e m u l c h ;
a n d r e m o v a l o f C M V - i n f e c t e d seedl ings a t an early s tage . T h e s e p rac t i ces w e r e
t e s t ed in f a r m e r s ' f i e lds in four villages in 1993 a n d 1994 . I t was f o u n d t h a t in
f a r m e r s ' con t ro l p lo t s C M V inc idence was i n t h e r a n g e o f 7 5 t o 1 0 0 % w h e r e a s i t
w a s on ly 2 .3 t o 2 9 . 0 % i n f a rmer s ' f i e l d s w h e r e in t eg ra t ed m a n a g e m e n t p rac t i ces
w e r e a d o p t e d .
S e v e n P S V isolates i n c l u d i n g six C h i n e s e isolates , n a m e l y P S V - M i , P S V 1 , P S V
1 3 , P S V - P , P S V - R , a n d P S V - F a n d o n e A m e r i c a n isola te , P S V - E , we re classified
in to t h r e e g r o u p s d e p e n d i n g on h o s t reac t ion . All t h e six C h i n e s e isolates i n g r o u p s
I a n d I I differed f rom P S V - E ( g r o u p I I I ) , in t h a t they i n d u c e d sys temic infect ion in
Chenopodium amaranticolor a n d C. quinoa. T h e C h i n e s e isolates c o u l d be serologic-
ally d i s t i ngu i shed f rom P S V - E by t h e s p u r fo rma t ion i n agar gel diffusion tes t s . To
s t u d y t h e ep idemio logy o f P S V , d isease i nc idence w a s co r re la t ed w i th t h e n u m b e r s
_____________________
1. Oil Crops Research Institute, Chinese Academy of Agricultural Sciences, 430062 Wuchang, Wuhan,
Hubei Province, People's Republic of China. 
2. Crop Protection Division, ICRISAT Asia Center, Patancheru 502 324, Andhra Pradesh, India.
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of a p h i d s col lec ted in yellow p a n s in Kaifen coun ty , H e n a n p rov ince , f rom 1988 to
1 9 9 3 . P S V inc idence was posit ively cor re la ted wi th t h e n u m b e r o f f l i gh t a p h i d s
t r a p p e d , a n d negat ively cor re la ted wi th rainfall d u r i n g the g rowing season . L o w
rainfall a n d h igh a p h i d p o p u l a t i o n s caused P S V ep idemics i n 1 9 8 8 , 1 9 9 1 , a n d
1992 .
C u l t i v a t e d g r o u n d n u t geno types ( 3 1 4 2 accessions) were eva lua ted for res i s tance
to P S t V by na tu r a l infect ion in f i e lds from 1983 to 1994 in W u c h a n g . M o s t o f t h e m
w e r e infec ted b y P S t V u p t o 1 0 0 % b y m i d g rowing season. N o n e was f o u n d t o b e
res is tant . App l i ca t ion of po ly th en e sheet m u l c h a n d use of virus-free seeds s h o w e d
effective con t ro l o f P S t V in f i e ld trials. P S t V inc idence cou ld be r e d u c e d t o 2 7 . 1 %
a s c o m p a r e d wi th 9 6 . 7 % i n cont ro l f i e l d s . R e c o m m e n d e d m a n a g e m e n t prac t ices
for P S t V con t ro l i nc lude use o f seeds wi th low or no seed t r ansmiss ion , isolat ion
from c o m m e r c i a l g r o u n d n u t f i e l d s , a n d m u l c h i n g wi th po ly thene sheet . H o w e v e r ,
app l i ca t ion of these m e a s u r e s for t h e con t ro l of P S t V disease in areas wi th large-
scale c o m m e r c i a l g r o u n d n u t p r o d u c t i o n still r e m a i n s a p r o b l e m .
27
Requirements for the Management of
Groundnut Viruses in India
D V R Reddy1
T h e m a i n o p t i o n s available for t h e i n t eg ra t ed m a n a g e m e n t o f g r o u n d n u t vi rus d is -
eases a re cu l tu ra l p rac t i ce s , h o s t - p l a n t res i s tance , a n d d i rec t vec to r con t ro l . In or -
d e r to fo rmu la t e su i tab le cu l tura l p rac t i ces , i t i s essential to u n d e r s t a n d t h e e p i d e -
m i o l o g y o f t h e pa r t i cu l a r d isease , w h i c h inc ludes t he ecology o f t h e p r inc ipa l vec -
to r / s . I t i s well k n o w n t h a t a d o p t i o n of several m e t h o d s of con t ro l i s p referable to
re l iance on only o n e . I t i s i m p o r t a n t to e m p h a s i z e t ha t p rec ise d iagnos is o f t h e
causa l v i rus /es i s essent ia l in o r d e r to devise con t ro l s t ra tegies .
A l t h o u g h m a n y vi ruses infect g r o u n d n u t u n d e r na tu r a l c o n d i t i o n s , cu r ren t ly p e a -
n u t b u d nec ros i s v i rus ( P B N V ) a n d I n d i a n p e a n u t c l u m p virus ( I P C V ) are cons id -
e r e d t o b e economica l ly i m p o r t a n t . P e a n u t s t r ipe virus (PS tV) a n d c o w p e a m i l d
m o t t l e v i rus ( C M M V ) o c c u r i n I n d i a a n d have t h e po ten t i a l t o c ause e c o n o m i c
losses . Subs t an t i a l p rogres s h a s b e e n m a d e i n u n d e r s t a n d i n g t h e g e n o m e organiza-
t ion o f I P C V ( M a y o e t al. p a g e 1 1 , these p r o c e e d i n g s ) , P S t V (Cass idy a n d P o n -
s a m u e l , p a g e 14, t he se p r o c e e d i n g s ) , a n d P B N V . T h e g e n o m e o f C M M V i s c u r -
rent ly be ing sequenced . Excel lent sources of resistance have b e e n located for P B N V
(Buiel e t al. p a g e 19 , t hese p r o c e e d i n g s a n d Dwived i e t al. p a g e 2 0 , these p r o c e e d -
ings ) . F u t u r e r e sea rch o n P B N V will focus o n ep idemio logy a n d i n c o r p o r a t i o n o f
res i s t ance i n t o s h o r t - d u r a t i o n g r o u n d n u t s t h r o u g h n o n c o n v e n t i o n a l a p p r o a c h e s .
M o r e t h a n 8 0 0 0 g e n o t y p e s , i nc lud ing 100 Arachis species , were sc reened a t L u d -
h i a n a a n d Bapa t l a for res i s tance t o I P C V . N o n e was f o u n d t o b e res is tant . T h e t w o
m a i n o p t i o n s avai lable for con t ro l o f I P C V are a d o p t i o n o f su i tab le cu l tu ra l p r a c -
tices a n d d e v e l o p m e n t of hos t -p lan t resistance th rough nonconven t iona l approaches .
An u n d e r s t a n d i n g o f t h e ep idemio logy o f I P C V i s essential for fo rmu la t i ng cu l tura l
p rac t i ce s . De t a i l s o f t h e r e sea rch cu r ren t ly b e i n g d o n e on this a spec t a re d i s cus sed
by Del fosse e t al. ( page 2 2 , t he se p r o c e e d i n g s ) . Resu l t s o f this inves t iga t ion will l ead
to f o r m u l a t i o n of cu l tu ra l p rac t i ces for effective con t ro l of I P C V .
P S t V i s cu r r en t ly k n o w n to be res t r ic ted t o Gu ja r a t s ta te i n I n d i a . A t t e m p t s a re
b e i n g m a d e to e rad ica te t h e vi rus . S ince t he virus i s economica l ly i m p o r t a n t in
several count r ies in Sou theas t Asia, incorpora t ion of resistance t h rough n o n c o n v e n -
t ional app roaches should be given high priority. Efforts by D i e t z g e n e t al. (page 15 ,
t h e s e p r o c e e d i n g s ) a n d Cass idy a n d P o n s a m u a l (page 14, these p r o c e e d i n g s ) i n
th is d i r e c t i o n will l ead to availability o f g r o u n d n u t g e n o t y p e s res i s tan t to P S t V .
S e q u e n c i n g o f t h e g e n o m e o f C M M V i s cu r ren t ly b e i n g d o n e a t t h e Unive r s i ty o f
F l o r i d a a t L a k e Alfred. T h e v i rus h a s a very w ide h o s t r a n g e , a n d i s t r a n s m i t t e d
w i t h a h i g h level of efficiency by t h e whitefly Bemisia tabaci. F r o m t h e l imi ted s u r -
veys d o n e , i t a p p e a r s t o be widely d i s t r i bu t ed i n I n d i a a n d i n m a n y g r o u n d n u t -
g r o w i n g c o u n t r i e s in Asia a n d Africa ( R e d d y 1991 ) . H o w e v e r , extens ive surveys a re
n e e d e d t o d e t e r m i n e its e c o n o m i c i m p o r t a n c e .
1. Crop Protection Division, ICRISAT Asia Center, Patancheru 502 324, Andhra Pradesh, India.
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g r o w i n g coun t r i e s in Asia a n d Africa ( R e d d y 1991) . H o w e v e r , extensive surveys a re
n e e d e d t o d e t e r m i n e its e c o n o m i c i m p o r t a n c e .
Reference
R e d d y , D . V . R . 1 9 9 1 . G r o u n d n u t viruses a n d virus diseases: d i s t r ibu t ion , identif i-
ca t ion a n d con t ro l . Rev iew o f P l a n t Pa tho logy 7 0 : 6 6 5 - 6 7 8 .
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Current Status of Research on Legume
Viruses wi th Special Reference to Groundnut
Viruses in Nepal
B P Sharma1
P h y t o p a t h o l o g i c a l r e sea rch in N e p a l h a s pr imar i ly focussed on diseases o f fungal
or igin . D i seases c a u s e d by viruses have n o t rece ived m u c h a t t e n t i o n a l t h o u g h they
h a v e b e e n r e p o r t e d o n l e g u m e c rops . T h e i r ident i f icat ion h a s b e e n b a s e d ma in ly o n
visual s y m p t o m s u n d e r n a t u r a l cond i t i ons . M u n g b e a n yel low m o s a i c gemin i v i rus
h a s b e e n r e p o r t e d o n g r een g r a m , b lack g r a m , p i g e o n p e a , soybean , a n d c o w p e a ;
p e a s e e d b o r n e m o s a i c v i rus o n lentil a n d p e a s ; c u c u m b e r m o s a i c vi rus a n d p e a leaf
roll v i rus on ch ickpea ; s oyb ea n m o s a i c virus a n d t o b a c c o r ing s p o t virus on
s o y b e a n ; s o u t h e r n b e a n m o s a i c vi rus a n d c o w p e a a p h i d b o r n e m o s a i c vi rus o n
c o w p e a ; sterility m o s a i c o n p i g e o n p e a ; a n d b u d necros is vi rus o n g r o u n d n u t .
P e a n u t b u d necros i s vi rus ( P B N V ) , wh ich i s widely p reva len t , h a s b e e n s h o w n to
c a u s e subs tan t ia l yield losses. A yield loss a s se s smen t s tudy c o n d u c t e d b e t w e e n
1992 a n d 1 9 9 5 a t N a w a l p u r revea led t h a t P B N V infect ion d u r i n g t h e early s tage o f
c r o p g r o w t h (pr ior to 30 days after sowing) c o u l d cause c o m p l e t e loss o f p o d yield.
T h e p o d yield loss w a s f o u n d to be negat ively cor re la ted ( r = 0 .98) wi th t he age a t
w h i c h t h e p l a n t s we re infected. T h e overall c u m u l a t i v e d isease i nc idence was 2 9 % ,
a n d p o d yield loss r e a c h e d 2 7 . 7 % in t h e major i ty o f t h e f i e lds surveyed .
1. Depar tment of Plant Pathology, Oilseed Research Programme, Nawalpur, Sarlahi, Nepal.
3 2
Preliminary Studies on Viruses of Groundnut
in Myanmar
Day M a y Khin1
G r o u n d n u t (Arachis hypogaea L . ) is t he major source of edible oil in M y a n m a r . I t is
g r o w n as a ra infed c r o p d u r i n g the m o n s o o n over an area of 0 .26 m ha , a n d as a 
w i n t e r c rop after rice over 0 .22 m ha . R o a s t e d g r o u n d n u t seeds are u sed in confec-
t ionery . T h e m o s t c o m m o n l y g r o w n variety i s t he Span i sh type .
Insec t pes t s , d iseases , r o d e n t s , a n d s o m e t i m e s d r o u g h t are t h e ma jo r yield-l imit-
ing factors in g r o u n d n u t . Leaf spo t , collar ro t , a n d rus t are t h e major diseases af -
fect ing t h e c r o p . S y m p t o m s of virus diseases have also b e e n obse rved for a l ong
t i m e in t h e g r o u n d n u t - g r o w i n g areas o f M y a n m a r . H o w e v e r , ident i f icat ion o f these
diseases i s yet to be u n d e r t a k e n .
D e s p i t e t h e lack of facilities for e lec t ron mic roscopy a n d to c o n d u c t serological
tes ts , w o r k on s y m p t o m a t o l o g y , hos t r ange , graft, s ap , a n d insect t r ansmiss ion o f
g r o u n d n u t viruses i s poss ible .
F u t u r e research shou ld inc lude charac te r iza t ion o f economica l ly i m p o r t a n t
g r o u n d n u t viruses occu r r ing in M y a n m a r a n d p r e p a r a t i o n of d iagnos t ic a ids . Re-
search on g r o u n d n u t viruses was in i t ia ted in 1995 /96 wi th f i e ld surveys a n d d e t e c -
t ion by serological m e t h o d s .
I t i s qu i t e likely t ha t the g r o u n d n u t viruses cur ren t ly k n o w n to o c c u r in
n e i g h b o r i n g coun t r i e s are also f o u n d in M y a n m a r . S ince l egumes are cul t iva ted
over large areas a n d the re is an o m n i p r e s e n c e of insect vec to rs , a n u m b e r of viruses
u n i q u e to S o u t h e a s t Asia are expec t ed to be found in M y a n m a r .
O u r o w n m e a g r e r e sources r e n d e r i t difficult t o tackle the virus p r o b l e m s o w i n g
to t h e h igh cos t o f e q u i p m e n t , chemica l s , a n d c o n s u m a b l e s . H e n c e , any col labora-
t ion w i th o t h e r l abora tor ies involved in g r o u n d n u t virus research will be app rec i -
a t ed .
1. Plant Protection
Myanmar.
Section, Myanmar Agriculture Services, Agriculture Lane, Kanba, Yankin, Yangon,
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Research on Legume Virus Diseases in
Vietnam
Tran Thi Thuan and Ha M i n h Trung1
G r o u n d n u t i s t h e m a i n l e g u m e c r o p i n V i e t n a m o c c u p y i n g m o r e t h a n 2 0 0 0 0 0 h a ,
fol lowed b y s oy be a n ( 1 5 0 0 0 0 h a ) a n d m u n g b e a n (60 0 0 0 h a ) . A l t h o u g h t h e cli-
m a t i c c o n d i t i o n s a n d soils i n t h e c o u n t r y a re su i table for g rowing l e g u m e s , t h e
average p o d yield is r a t h e r low ( a b o u t 1 t ha - 1) . T h i s is a sc r ibed to t he lack of
i m p r o v e d var ie t ies , i n a d e q u a t e i r r igat ion facilities, a n d biot ic cons t r a in t s . U n t i l r e -
c e n d y , little a t t e n t i o n h a d b e e n p a i d t o research o n g r o u n d n u t d iseases .
S y s t e m a t i c surveys on t h e inc idence o f va r ious d iseases o f g r o u n d n u t h a v e b e e n
c o n d u c t e d s ince 1 9 9 0 i n co l l abora t ion wi th I C R I S A T . H o w e v e r , these surveys
h a v e b e e n res t r i c ted to fungal a n d bacter ia l d iseases . Ident i f ica t ion o f v i ruses o c c u r -
r ing o n g r o u n d n u t h a s n o t yet b e e n u n d e r t a k e n . R e p o r t s have unt i l n o w b e e n b a s e d
m a i n l y o n t h e obse rva t ion o f f i e l d s y m p t o m s . Surveys c o n d u c t e d i n t h e n o r t h e r n
p r o v i n c e s in 1 9 6 7 / 6 8 ind i ca t ed t ha t p e a n u t s t u n t ( a t t r i bu t ed to Arachis v i rus S m i t h )
w a s t h e on ly o n e p r e s e n t u n d e r f i e l d cond i t i ons .
In surveys c o n d u c t e d by t h e N a t i o n a l In s t i t u t e o f P l a n t P r o t e c t i o n ( N I P P ) i n
1 9 9 2 , p l a n t s s h o w i n g s y m p t o m s o f p e a n u t b u d necros is v i rus a n d p e a n u t s t r ipe
vi rus w e r e obse rved . W i t c h e s ' b r o o m s y m p t o m s also were obse rved i n s o m e loca-
t ions . H o w e v e r , n o a t t e m p t h a s b e e n m a d e t o identify t h e causa l v i rus i n each case .
I t i s necessa ry to c o n d u c t surveys on the d i s t r ibu t ion of l e g u m e virus d iseases ,
i n c l u d i n g t h o s e o f g r o u n d n u t , i n o r d e r t o d e t e r m i n e the i r e c o n o m i c i m p o r t a n c e .
G r o u n d n u t v i ruses h a v e b e e n k n o w n t o b e economica l ly i m p o r t a n t i n n e i g h b o r i n g
C h i n a a n d T h a i l a n d . S ince seed i s expec t ed t o b e i m p o r t e d i n to V i e t n a m f rom
t h e s e c o u n t r i e s , i t i s impera t ive to es tabl ish a l abora to ry to tes t exot ic g e r m p l a s m .
R e s e a r c h s h o u l d b e in i t ia ted o n vi ruses t h a t a re widely d i s t r i bu t ed . V i e t n a m n e e d s
t r a i n e d virologists a n d funds to es tabl ish facilities for v i rus r esea rch .
1. National Institute of Plant Protection, Chem, Tuliem, Hanoi, Vietnam.
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Virus Diseases of Groundnut in Indonesia
wi th Special Reference to Peanut Stripe Virus
Yuliantoro Baliadi and N Saleh1
Several v i rus diseases o f g r o u n d n u t have b e e n r e p o r t e d f rom Indones i a . T h e s e are
p e a n u t m o s a i c t r a n s m i t t e d by leaf h o p p e r s , p e a n u t leaf curl a n d rugose , p e a n u t
m o t t l e vi rus ( P M V ) , c o w p e a mi ld m o t t l e vi rus ( C M M V ) , p e a n u t b u d necros is virus
( P B N V ) , a n d p e a n u t s t r ipe virus (PS tV) . E x c e p t P S t V , all o f t h e m are cons ide red
to be o f m i n o r i m p o r t a n c e . T h i s conc lus ion i s b a s e d on t h e disease inc idence o f
these v i ruses , the i r sp r ead a n d d i s t r ibu t ion p a t t e r n , a n d po ten t i a l t o cause severe
yield losses.
P S t V i s cons ide red to be economica l ly i m p o r t a n t in all t he major g r o u n d n u t -
g rowing areas of Indones i a . Asse s smen t of c r o p losses s h o w e d tha t early infect ion
b y P S t V r e d u c e d p o d yields b y u p t o 5 0 % u n d e r f i e l d cond i t ions .
P S t V p o s e d a ser ious th rea t to g r o u n d n u t p r o d u c t i o n in I n d o n e s i a in 1987 . S ince
t h e n , several projects have b e e n u n d e r t a k e n to identify t he vi rus , its ep idemio logy ,
a n d devise s t ra tegies for its m a n a g e m e n t .
T h e cul t ivar K i d a n g was found to be a b e t t e r source o f purif ied P S t V t h a n cv
Gajah . Ind i r ec t E L I S A p r o v e d t o b e m o r e sensitive t h a n di rec t E L I S A .
S e e d t r ansmiss ion o f P S t V was found to vary f rom 1.4 to 3 . 3 % d e p e n d i n g on the
variety. I t was in f luenced by t h e age a t w h i c h t h e p l an t s were infected. P l an t s in-
fected early h a d a h igher ra te of seed t r ansmiss ion . I t was 3 . 6 2 % if t h e p l an t s we re
infected o n e week after sowing, a n d 0 . 4 5 % i f they were infected w h e n they were
f ive w e e k old.
M o r e t h a n 1 2 a p h i d species were found t o t r a n s m i t PS tV . T h e p o p u l a t i o n d e n -
sity a n d feeding hab i t s of Aphis craccivora in f luenced ep idemics . B o t h A. craccivora 
a n d A . glycine c o u l d t r a n s m i t P S t V f rom soybean to g r o u n d n u t a n d from g r o u n d n u t
to g r o u n d n u t b u t the i r t r ansmiss ion efficiency differed. Whi le A. glycine was m o r e
efficient in t r ansmi t t i ng P S t V from soybean to g r o u n d n u t , A. craccivora was m o r e
efficient in t r a n s m i t t i n g i t f rom g r o u n d n u t to g r o u n d n u t .
Ep idemio log ica l s tud ies on P S t V in Indones i a have s h o w n tha t the i nc idence o f
t h e v i rus was h igh only in t he pos t ra iny season. T h e p r imary source o f P S t V
i n o c u l u m a p p e a r e d t o b e infected seed, wi th s u b s e q u e n t d i s semina t ion be ing d o n e
b y a p h i d s . P S t V be longs t o the c o m p o u n d interes t disease ( C I D ) ca tegory . T h e
infect ion ra te (r) o f P S t V in all loca t ions var ied b e t w e e n 0 .26 a n d 0 .56 p e r p l an t p e r
week . T h e va lue (r) i nd ica ted the inc idence o f PS tV . T h e f i r s t s y m p t o m a p p e a r e d
close to t h e sou rce of t h e i n o c u l u m a n d i t sp read up to a d i s t ance of 8 .35 m 5-6
weeks after sowing .
1. Plant Pathology Department,
nesia.
Malang Research Institute for Food Crops, P O Box 66, Malang, Indo-
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T h o u g h t h e cul t iva t ion o f PS tV- re s i s t an t g r o u n d n u t cul t ivars i s seen a s t h e m o s t
effective w a y o f P S t V m a n a g e m e n t , a t t e m p t s t o o b t a i n s u c h geno types have n o t
b e e n successful .
S o w i n g o f virus-free g r o u n d n u t seeds in areas w h e r e P S t V i s n o t k n o w n to be
e n d e m i c r e su l t ed i n very low P S t V inc idence . E C 3 6 8 9 2 , a n aph id - re s i s t an t
g r o u n d n u t g e n o t y p e , s h o w e d lower a p h i d p o p u l a t i o n a n d yield loss c o m p a r e d t o
var G a j a h . H o w e v e r , i t failed to s h o w res is tance to the v i rus in sap inocu la t ions a n d
a p h i d t r a n s m i s s i o n tes ts . In a reas w h e r e P S t V i s e n d e m i c , sowing of virus-free seed
d id n o t resu l t i n low P S t V inc idence .
P S t V m a n a g e m e n t t h r o u g h vec to r con t ro l ( insect ic ides) , cu l tura l p rac t ices s u c h
a s m i x e d c r o p p i n g , i n t e r c r o p p i n g wi th t r ap c rops ( cowpea a n d m u n g b e a n ) , a n d
ba r r i e r c r o p s ( c o r n ) , r o g u i n g o f infected p l an t s , w e e d i n g , san i t a t ion , a n d rice s t r aw
or p o l y t h e n e shee t m u l c h i n g r equ i r e fur ther invest igat ion. S ince PS tV- re s i s t an t
s o u r c e s a re n o t cu r ren t ly available a n d t h e P S t V g e n o m e i s fully s e q u e n c e d , a t -
t e m p t s a re b e i n g m a d e in a col laborat ive projec t s u p p o r t e d by funds f rom t h e A u s -
t ra l ian C e n t r e for I n t e rna t i ona l Agr icu l tura l Resea rch ( A C I A R ) , t o deve lop t r a n s -
gen ic g r o u n d n u t p l a n t s express ing P S t V coa t p r o t e i n genes .
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Integrated Management of Groundnut
Viruses in Bangladesh
Firoza Khatun, F U Mian , and H U Ahmed 1
L e g u m e s are an i m p o r t a n t g r o u p o f food c rops in Bang ladesh nex t to rice a n d
w h e a t . Pu l ses are g r o w n over an area o f 0 .7 mil l ion ha a n d g r o u n d n u t over 0.4
mi l l ion ha . At p r e s e n t , g r o u n d n u t i s t h e s e c o n d m o s t i m p o r t a n t oilseed c rop after
r a p e seed , a n d t he re i s a m p l e scope for e x p a n d i n g its cul t ivat ion.
Vi rus diseases are economica l ly i m p o r t a n t t h r o u g h o u t the pu l se - a n d g r o u n d n u t -
g r o w i n g areas of the coun t ry . So far, 19 viral diseases have b e e n r eco rded on eight
l e g u m e c r o p s , i nc lud ing g r o u n d n u t . T h e g r o u n d n u t virus diseases tha t are sus-
p e c t e d t o o c c u r i n Bang ladesh are b u d necros is ( caused by p e a n u t b u d necros is
vi rus - P B N V ) , mosa i c (causal virus n o t k n o w n ) , p e a n u t s tr ipe ( p e a n u t s tr ipe vi-
r u s ) , a n d p e a n u t mo t t l e ( p e a n u t m o t t l e vi rus) .
R e s e a r c h on viruses in Bang ladesh has b e e n l imi ted . Disease inc idence , c rop
losses , vec to r a n d seed t r ansmiss ion , ep idemio logy , a n d cont ro l aspects of t he v i -
ruses o c c u r r i n g in the c o u n t r y have n o t b e e n invest igated. L imi t ed trials have b e e n
ini t ia ted to screen g e r m p l a s m for res is tance . Of the 25 entr ies o f g r o u n d n u t
sc reened agains t P B N V a n d mosa i c v i rus diseases u n d e r f i e l d cond i t ions , two were
f o u n d t o b e to l e ran t t o P B N V a n d th r ee t o mosa i c virus .
In o r d e r to deve lop in tegra ted m a n a g e m e n t prac t ices for virus diseases of
g r o u n d n u t a n d o t h e r l e g u m e c rops in Bang ladesh , emphas i s m u s t be laid on :
• Surveys for virus diseases to d e t e r m i n e the inc idence a n d d is t r ibu t ion ;
• Ident i f ica t ion of the pr inc ipa l vec tors of economica l ly i m p o r t a n t virus diseases;
• D e v e l o p m e n t of d isease-res is tant cult ivars a n d cul tural prac t ices tha t can
r e d u c e disease inc idence ;
• E s t a b l i s h m e n t of l abora to ry a n d g r e e n h o u s e facilities for the charac te r iza t ion
a n d d e t e c t i o n o f v i ruses ; a n d
• T r a i n i n g of staff in t he ident if icat ion a n d de tec t ion of viruses.
1. Oilseed Research
Station, Khairtala
Centre, Bangladesh Agricultural Research Institute, Regional Agricultural Research
, Jessore, Bangladesh.
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Recommendations for global cooperation in research on groundnut
viruses in the Asia-Pacific Region
• T h e supp ly of res is tance mate r ia l p r o d u c e d e i ther by conven t iona l o r
n o n c o n v e n t i o n a l m e t h o d s ( t ransgenic lines) s h o u l d be given a h igh pr ior i ty .
T h e W o r k i n g G r o u p endor se s t r ansgen ic a p p r o a c h .
• S u p p o r t for virus diagnosis is n e e d e d , preferably in the form of kits con ta in ing
ant isera a n d o the r reagents . Nuc l e i c acid p r o b e s shou ld be p rov ided o r
deve loped only for t hose viruses t ha t m i g h t n o t be d is t inguished by serology,
e.g., p e a n u t c l u m p virus.
• D iagnos t i c surveys shou ld be c o n d u c t e d in the major g r o u n d n u t p r o d u c i n g
regions of each coun t ry . I C R I S A T shou ld prov ide a survey p ro toco l t ha t
facilitates h a r m o n i z a t i o n of t he results ob ta ined in different coun t r i es . I C R I S A T
shou ld solicit in format ion f rom m e m b e r s on surveys tha t have b e e n c o n d u c t e d ,
a n d d i s semina te in format ion t o o the r m e m b e r count r ies o f the W o r k i n g G r o u p .
• I t i s essential to genera te da t a on ep idemiology in o rde r to deve lop in tegra ted
m a n a g e m e n t pract ices .
• I C R I S A T shou ld c o n d u c t t ra in ing courses , similar to the highly successful o n e
he ld in K h o n K a e n , for individuals o r g roups f rom developing coun t r i es . F u n d s
for c o n d u c t i n g such courses are to be identified f rom d o n o r agencies by
I C R I S A T . S u c h coun t r i es a s C h i n a , T h a i l a n d , a n d Ind ia shou ld take t he
initiative in t he provis ion of d iagnost ic a ids , a n d technology transfer to o the r
W o r k i n g G r o u p m e m b e r s i n the Region .
• Regu la t ions for uti l izing t ransgenic lines in different count r ies wi th in t h e Asia-
Pacific Reg ion are to be ob t a ined a n d d is t r ibuted to the m e m b e r coun t r i es .
• I C R I S A T shou ld solicit in format ion f rom g r o u p m e m b e r s on the i r research on
g r o u n d n u t viruses a n d pub l i sh i t a t least once a year preferably as an informal
newslet ter .
• I C R I S A T shou ld take the initiative in p repa r ing such mater ia l as case his tor ies ,
risk assessments e tc . t o he lp m e m b e r s o f the W o r k i n g G r o u p to a p p r o a c h the i r
o w n g o v e r n m e n t s wi th p roposa l s for virus research suppor t .
• I f any seed - t r ansmi t t ed viruses are in te rcep ted (identified) I C R I S A T shou ld be
in fo rmed . I C R I S A T in t u r n will inform F A O to d i ssemina te the in format ion
t h r o u g h thei r channe l s .
• I C R I S A T shou ld take the initiative to develop c o n s o r t i u m - b a s e d projects to
ta rge t funds f rom such sources a s the Asian D e v e l o p m e n t B a n k ( A D B ) , W o r l d
B a n k , e tc .
• T h e nex t W o r k i n g G r o u p will be he ld in C h i n a in 1998 . Professor Xu Z e y o n g
will he lp choose the v e n u e a n d m a k e a r r a n g e m e n t s .
• T h e va lue of ob ta in ing t ra in ing in the diagnosis a n d identif icat ion of viruses a t
I C R I S A T Asia C e n t e r a n d in a d v a n c e d labora tor ies in deve loped coun t r i es was
recognized by t h e G r o u p . I t m a y be desi rable t ha t a cent ra l register of t ra in ing
possibil i t ies i s he ld by I C R I S A T a n d p rov ided to m e m b e r s , so t h a t w h e n they
travel they c a n visit app ropr i a t e labora tor ies .
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